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PREFACE. 


It lias been well remarked by Humboldt * that to behold is not 
necessarily to obseiwe, that is, to compare and combine. The 
history of Geology, like tliat of all sciences depending lor their 
elTective advance on experiment or correett observation, amply 
proves the truth of this statement. We arc not required to look 
^liir back to be fully aware of the many brilliant hypotheses wliich 
have given way before the advance of correct rcsearcli. It was 
not that these brilliant hypotheses were intended as substitutes lor 
sound geological knowledge, based on correct data, or that those 
who forjried them were not as capable as any who may in after- 
times succeed in still farther systematically embodying the accu- 
mulated data of such times, but merely that correct observations 
were not then sufficiently abundant, and that powerful, and, some- 
times, impatient minds supplied their placi) with conceptions more 
captivating than well founded. It is obvious that with a hundred 
well-established facts more can be accomplished than with ten, the 
deductions from wliich, however apparently correct, may even be 
fallacious as respects those derived from the consideration of the 
greater number. Let it not, nevertheless, be hastily concluded that 
*the views which have passed away have not materially advanced 
geology, as those of a similar character have aided the progress of 
• other sciences. Without them, thougli a lew may have been 
impediments lor the time, many a subject would have longer 
remained disregarded by its zealous investigator. Even the con- 
troversies which have from time to time appeared, many from 
differences of’ opinion arising the more readily as the subject was 
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less perfectly understood, gave a certain impulse to progress wliicii 
the commencement of many inquiries so often demands. 

Tlic following work was undertaken in the ]io[)e tliat the expe- 
rience of many yc'ars might assist, and, pcrliaps, abridge tlie labours 
of those who may bti desirous of entering upon the study of geology, 
and (‘Specially in the field. Its object is, to afford a general view 
of the cJiief points of that science, such as existing observations 
would l(‘a(l us to inli'r were established; to show how the correct- 
nes.s ul such ubservution'^ may be tested ; and to sketch the directions 
in which tliey may apparently be extended. Having been, to a 
certain extent, founded upon a little treatise, entitled How to 
Observe in Geology,’’ long since out of* print, a somewhat sin ilar 
name has been retained for the present volume. 

1 1. T. De L.A Beciie. 
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INTRODUCTION. 


()nsERVA.TTOX?^ liavc now been sufficiently extended and multiplied 
to show that, during a long lapse of time, the surface of our planet 
has been undergoing modifications and changes. Of these the most 
marked have been produced by the uprise of* mineral matter in a 
molten state from beneath that surflicc ; by the wearing away and 
removal to otlun' localities of this matter, cither in its first state, 
after cooling, or in some secondary condition, by atmospheric 
influences and waters variously distributed for the time being; by 
the preservation of the remains of animal and vegetable life during 
at least a portion ol‘ this lapse of time amid dc'posits accumulated, 
for the most ])art, in horizontal layers beneath waters, and by the 
unquiet state of the earth's surface itself, from which, while consi- 
derable areas have lieen at different times raised slowly above, and 
depressed beneath the b'vel of the ocean, whole masses of minei'al 
matter of various kinds have occasionally been squeezed, bent, and 
plicated, sometimes ridged up into rang(‘S of mountains. 

To enable die geologist systematically to proceed with his 
rescfirches, it became as lU’cdful fin' him as for other cultivators of 
science to have the jiower of classifying his observations. Of the 
various classifications proposed or modified at diirerent times to 
satisfy the amount of knowledge of tliose times, it would be out ol‘ 
•place here to make mention, fiirther than to remark that at present 
a more mixed classification is often cmplo3^ed than seems desirable. 
For example, it is not unusual for tlie term 

to be applied to all accumulations posterior to the chalk of western 
Europe, while the other terifls of sceoudayy and primary or primitive, 
to which it has redavneo, are scarcely or seldom mentioned. \W 
have, again, a mixed nomenelature for the groups of de])osits, or 
the deposits themselves, f(>v whicli it has been thought desirable to 
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iind distinctive names. While some groups arc relerred to localities, 
such as Cambrian, Silurian, Jurassic, and the like; others are 
named after some circumstaiice supposed characteristic, sucli as 
carboniferous, from containing the great coal deposits ol Kurope 
and North America; or oolitic, from many of the limestones in it 
being oolitic, that is, resemWing the roc of a (ish, being composed 
of* numerous small rounded grains. 

It has l)ccn often considered that names derived from localities, 
where certain dt'posits have been taken as types, arc preferable to 
those pointing to any mineral structure, inasmuch, as not only can 
the geologist readily make himself lainiliar with the kind of* accu- 
mulations intended to be represented by the names, by visiting and 
studying the localiti(*s whence they arc taken, but as also particular 
mineral structures having been repeated as often as the conditions 
for them arose, they l‘orm no guide for determining the relative age 
of* rocks, whatever may have been the impression when names of 
tliat kind were given, and geological science less advanced tlian at 
present. Jdic two structural names mentioned arc thus liable to 
objection, carboniferous deposits extending from an earlier period 
tlian that supposed to be represented by the term, and up to the 
higher accumulations above the cretaceous series inclusive, and the 
oolitic character reaching from limestones amid the earlier fossili- 
ferous rocks to the present day.* The mixed character of* the 
present geological nomenclature arises, no doubt, f'rom the manner 
in which, from time to time, various geologists have directed atten- 
tion to different rocks or accumulations of them, those names having 
generally remained which have been f*ound convenient and sufli- 
cient, up to the present time, for the purposes for which they have 
been employed. 

The igneous products being those from which the chief part, if 
not the whole, of the detrital, and even chemical deposits have 
been directly or indirectly derived, it would appear desirable to 
consider them in the first place. Whatever the views entertained 
ol* tlie fluid condition of our planet, whence its form has resulted, 
such fluid condition produced by heat sufficient to keep all its com- 


* One of the limestones of the lower Silurian series in North Wales, the Khiwlas, near 
Bala, is oolitic. 
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poncnt parts in that state, the present condition of the earth’s 
surface in dispersed localities shows an abundance of points through 
which igneous products arc now ejected, and the more cxttnided 
the observation, the more certain does the inference appear correct, 
that the like has ha])pcncd from the earliest times; at least since 
the seas were tenanted by life. It has also been ascertained tliat 
molten matter has risen from beneath in more massive forms, and 
in a manner with which we arc not familiar, as now occurring, 
though such molten masses may, indeed, be fijrmed at deptlis in 
the earth’s crust, whence only future geological changes could 
bring them above the level of the sea. At all events, this massive 
form of intrusion is found amid comparatively recent geological 
accumulations, as well as among those of tlie most ancient date. 

The mode of occurrence of the igneous rocks, wliicli will be 
found treated of in its place in the following pages, Avould seem 
to point to tlicir classification according to tlieir clicmical and 
mincralogical characters, so that any resemblance or diflerencc tliat 
may exist between them, may be traced through tlie lapse of‘ geo- 
logical time, the relative dates of their appearance being obtained 
by means of the accumulations with which they may be associated, 
and to wliich relative geological dates can be assigned. Having 
entered upon tlicsc characters in the sequel, the following sketcli 
of the more prominent of the igneous rocks may here suffice : — 

/ Gramtic J^ochsc ^ — Those composed of a granular mixture of quartz, 
felspar (wheth^r ortlioclasc, albite, or labradorite), and mica, with, occa- 
sioiuilly, the addition of schorl and some other minerals. As the aspect of 
these rocks varies considerably according to original chemical comj)ositi()u 
or the mode of cooling, a groat variety of appearances are assumed, to 
which names have been assigned. It thus becomes desirable that these 
characters should be given wlu'iiever it can be accom])lishcd, and that the 
more term granitic be accompanied by minoralogical detail, and by a state- 
ment of the chemical composition, so that correct data may be collected for 
a proper appreciation of the real diflla'cmces and resemblances of the rocks 
commonly thus named. 

Felspathk Hocks . — The separation of tlioso from tlie foregoing may often 
be regarded as somewhat imaginary, as imh'ed is tlie case with definite 
classifications of the great bulk of the igneous rocks, passing, as they some- 
times do, into each other in masses of no very extraordinary volume. The 
variety known as compact felspar is most frecpiently a compound of the 
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olenioiits of some f(‘Is])ar, witli a snrplusiigc* of silicic acid ])03’on(l that 
recjuired for the silicates of that niiiieral, so that when o])])ortnnitics have 
occnrretl for crystallization of the parts, the result has hec'ii a compound of 
felspar and quartz, or a f)(\(/)nafit(\ as it has ])een sometimes termed, in 
that case a modification of the granitic rocks wIk'Ii the same minerals may 
aloiK' constitut(^ a portion of a giaieral mass. The trachf/tes of active vol- 
canos and thos(‘ t('rmed ('xtinct, and of conroaratively recent geological date, 
may represent the more pure felspathic rocks, when wliolly forim‘d of 
felspars, thouoli it would appc'ar that similar rocks arc also found amid the 
igiK'ous ])roducts ol‘ vei .inciLut gc'ological p(‘riods. Fc'lspalhic matt(*r, 
that is, tlie various component suhstances in ])ro])ortions which would form 
minerals of the felspar family (allowing for that substitution of one substance 
ibr another, tta'im^d is())n()rj)hisin)^ if crvstalliz(‘d, shouM at least constitin ‘ 
the great bulk of these rocks, what(‘ver others may be entangled among 
tln'in. 

IIoi'nhleii(/i(‘ /i()(‘/is . — 'Jdu'se, including among them the rocks in whi(‘h 
aiigitc is substitutetl for hornblende, form a somewhat natural clivisioiq so 
fir as the ])r<'valence of thesi' minerals may lx* sufiicKUit to give a characti'r 
to the mass of an igiK'ous rock, inasnm(‘h as silicate of lime is a inarkixl 
ingrediiait, in addition to the silicate of magnesia, anoth(*r essential sidi- 
stance, and iirotoxide of iron, geiKU'allv present, som('tini(\s ri^jilacing much 
of the lime and magnesia. In this division, thon'foix', are included the 
dolerites and basalts of activi and oxtiiud volcanic jiioducts, and tln^ green- 
stones, (renerallv of more' ancient dat(‘. In dohn'itos, silicate of lime is also 
])r(‘sent in the lahradorih*, when that member ol* tlu* felspar ilimily is 
mingh^d Avith the angite of that rock. Takiai as a wIkjIc, the hornbhaidic 
or augilii; rocks are compounds of those minerals and sonu* member of the 
f(‘ls])ar family, tluax* being soni(‘times an excess of silica bi'Aond the amount 
required for the various silicates in the honiblonde or augit,c, and felspar; 
this excess, then, as it wore, thrust aside as (jiiartz. 

Scrj)e)ifijir)ns — do a certain extent thesi^ also a])]:)oar a somewhat 

natural group of igneous ])r()ducts, esjiecially when viewed with reference 
to a ])Gculiar aspi'ct, and to the pri'sence of silicate of magnesia (constituting 
the bulk of the rock) and combined water. In the seqiud W(‘ have endea- 
voured to show the correspondence between the varieties of serpentine, 
considered the most pure, and olivine, a common mineral in certain molten 
products of active and extinct volcanos. TIk‘ rocks of this division vary, 
however, somewhat materially in their constituent substances, and in tlie 
projiortions of them. Taking hronzite to be* the mineral usually named 
diallag(‘, it would ajipear little else than the silicate of magnesia of the 
matter of tlie pur(*r seriiciitiue mingled with a minor jirojiortion of protoxide 
of iron, and a little alumina, crystallized, a small (juantity of water also 

.•>1 nUioflxr n*inir»fl flinllnnp fontninc; 
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suHicient lime in addition to make it essentially a silicate {)[' liin(‘ and 
magnesia, with also a marked (juantity of oxide of iron. In the comj)ound, 
sometim(‘s largely ciystallizod, t(‘nn(‘d duilUKje rock {ynhhrtj), and not unfn‘- 
quently associated with serpentine, the so-termc‘d diallage has to be care- 
fully examined. In all these rocks, whatever their variations, magnesia is 
a iliarkeil ingvedi(‘nt. 

Porphyritic Hocks, — Though, no doubt, various kinds of mineral matter 
which have been in a molten state may be por})hyritic, that is, hav(^ some 
mineral or ininc'rals crystallized out and apart from the mass of the remainder 
of the rock, it seems nevertheless com'enkmt, for the present, to notice 
th(\se rocks as a group. Even amid vitreoas matter, from com])aratively 
fjuick cooling after fusion, dcTinite chemical combinations may be crystal- 
lized, and disjK^’sed through such matter. This can be artificially accom- 
plished in our lalioratories, and silicate of lime in crystals can b(‘ obtained 
dispersed through ordinary glavss. In the arrangement of jiartich'S, be}'ond 
the vitreous condition, forming the comjiact and stony state, the poqih) ritic 
character is not rare among rocks; crystals, such as those of felsjiar, being 
dispersed amid a base of compact mineral niatt(*r. When the latter is 
chully felspathic, the rock is usually known as felspar porjtkyry. In like 
manner crystals of other minerals are also thus dispersed amid a similar 
bas(', such as those of quartz and mica. The base or general mass of the 
rock is occasionally granular, such as a compound of felspar and hornblende, 
constituting greenstone, with dispersed crystals of felspar or hornblende, 
such base having thus advanced to a state of confused crystallization. 
These are usually tcirmed yrecnslonc porphyries. In like manner certain 
granites become iiorjihyntic, from separate crystals of felspar being scattered 
among the general com])ound, confusedly crystallized, and the rock is then 
called a porphyrilm yranite. Even serpentines become in a manner jior- 
phy ritic when crystals of bronzite or diallage are dispersed through a base 
of that ruck. Tlie ajiparent conditions are, that the chemical composition 
and the mode of cooling of the general mass are such that certiiin consti- 
tuent sul)stances can combine and form se])arate and definite crystallized 
bodies, the remainder of the rock either not attaining the state when 
definite mineral comjiounds can be formed, or only doing so after the i)ro- 
duction of the first-formed minerals, and tlien in a confused manner, not 
interl’ering with the forms of the crystals first produced. 

With regard to the miiicnil accumulations derived cither directly 
or indirectly from the igneous rocks, and spread over areas of 
varied extent and form, by means of water, there is a large mass, 
more or less characterized by the presence among it of* the remains 
i)f animals and plants which have existed at different periods, and 
so perishing, that portions of them, commonlv tmlv tlio harfler 
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parts, have been entombed in tl\c mineral aeeuirnilations of such 
different tiincH. 

Observatlmi lias shown that these accumulations have succeeded 
one anotlier, as tlie various dctrital deposits in lakes and seas now 
succeed those which have preceded them, so that, when the 
ancient sea or lake bottoms, which, elevated into the atmosphere, 
now constitute so large a portion of dry land, can be studied in 
clifls or other natural sections, or by artificial cuttings or perfora- 
tions, their manner of succession can be ascertained. The more 
in\ estigations have advanced, the more does it appear that these 
organic-remain bearing, or femiliferous roeJes, as they have been 
termed, have been deposited and arranged as similar aceumulaticns 
now arc in rivers, estuaries, lakes, and seas. Hence, the geologist, 
in endeavouring to ascertain the range' of* such Ibssililerons deposits 
at any gi^en time upon tlie earth’s surface, has to consider the 
relative amount and position of the land and waters of that time, 
with all their modifying influences, as also tlie various conditions 
under Avhieh the life of the period may have been distributed, and 
its remains entombed amid the detrltal and chemical deposits of 
the day. in liict, lie has, irom all the evidence lie can collect, to 
suppose hlmseir studying the state of the earth’s surface, at such 
given time, as widl with respect to its physical condition us to the 
existence and distribution of life upon it. 

Viewing tlie f()ssllifeioiis rocks in this niannci:, it may be that 
some of those divisions among them, which it has been lianid 
convenient to make fur their more ready description, and the 
tracing of certain states of a sea-bottom over minor areas, liave 
been too minute, regarded as divisions applicable to the surface of 
tlie earth generally, since it is not to be sn])posed that particular 
mud or sand banks, however considerable locally, were more likely 
to have been formerly continued, even alt intervals, over the 
eartli’s surface than they now are. At tlie same time such minor 
divisions, showing the constancy or modillcatlon of conditions, 
as the ease may be, over the minor areas, are important, inasmuch 
as it is by a correct appreciation of this detail and the careful 
consideration of’how much may be regarded in that liglit and how 
much as more general, that we learn the true value of the latter, 
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iind the restrictions which should be jdacedupon our views derived 
Iroin the former. 

Assuming the general condition of the earth’s surface during 
the accumulation of the varied deposits in which the remains of 
animal and vegetable life have been entombed, to have been for- 
merly much as at present, regarding the subject on the large scale, 
and without reference, fin the moment, to the variable distribution 
of land and water, or to whether the heat in the earth itself 
may or may not, in remote times, have had a greater influence on 
the lile of those times than at present, the sea woidd appear to 
liave been the chief receptacle of the various mineral accumulations 
of all periods, so that classifications of the fossilihu’ous rcx;ks, 
founded on a succession of deposits in it, would probably be alike 
the most useful and natural. The manner in which marine inver- 
tebrate animals now live, and the mode in which the remains of 
^ similar animals occur amid the fossiliferous rocks, are such, that 
this division of life seems now very generally admitted as the UKJSt 
appropriate on which to base classifications founded on the distri- 
bution of animals, the remains of which arc discovered entombed 
In rocks. We must refer to succeeding pages for notices of the 
manner In which tlie remains of life arc now preserved in mineral 
deposits, and for certain points connected with the occurrence 
of sucli remains in the accumulations of various geological dates 
which it appears desirable to bear in mind while studying the 
fossiliferous rocks. It will be sufficient here to mention that, after 
first duly ascertaining the actual relative superposition of the 
various mineral accumulations themselves for evidence of their real 
siKJcession, and examining the remains of* animal and vegetable life 
wliich have been found in them, it has been inferred that certain 
‘minor and major divisions may be effected in the general mass 
which shall represent the kinds of sea-bottoms marking given and 
succeeding geological times. Without, in the least, doubting that 
very great modification may be found needed in classifications 
based upon the examinations of even considerable areas, when 
an effective classification, representing the main facts connected 
with the accumulation and spread of fossiliferous rocks over large 
portions of the earth’s surface, may be necessary, it still becomes 
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desirable to have that wliich may satisfy the requirements for the 
time beint^^ Tlie rollowiiig sketch, therefore, of the general divi- 
sions at present considered desirable lor the area of Western 
Europe, and sup])()sc‘d, iji ])art at least, to bo ibimd also convenient 
for the mode of viewing the Ibssiliferoiis deposits in many other 
parts of* the world, may be useful, especially as respects the major 
divisions. 


yTiiA'riiTuo AM) Fossiltfekous Kooks. 

1 . Tciti.irv, or Caiiio/ou. 

II. Seoon(liir\, or 

III. Piiinaiy, oi l"a]a;o/oic. 

/. 'fc/'iiitrifj o/' 

{ (( aocuinulatiuub oi“ the ine.>eiit time. 

h Plei.stoceiic. 
r Pl(MOCetl<*. 

/)'. Michllt; Miueeiie. 

C'. J.uwer ..... a Eocene. 


A (hotaeeou*, (iioiijj 


Jf, or Mc’sotoic. 

<i (’halk ol‘ ^la(‘.stii( ht and J>eiiinaik. 
h Ordinary clialk, witli and without Hints. 

<; P])j)er Oieen Sand. 

(I (iault. 

c' Shanklin Saud^, Vocten, Neocomiaii, or lanver (Ijeeii 
Sand. 


//. Mamie e(juivalentfj ol’ 


Oi'^aiiic remains in tlieso are ot <i 
Huviatile, hieustriiie, or estuaiy 
eliaiattei .* 


(\ Jurassic 01 ( )olitic (jrou|) < 


a Weahlen < lay . 
h Hastings sands 
c Purheck series. 

'a Poitland oolite or limcstone.t 
(j Poitland sands. 
c Kimineiidgo clay. 

il Coral rag, and its accompany iiig giits. 
c Oxford clay, 'vvith Kellowuiys rock. 

/ (.^Jrnhrabh. 

(j Forest iiiarhle, and Bath oolite. 
h Fuller’s caith, clay, and limestone. 
i Inferior oolite, and its sands. 

\k Lias, upper and lower, with its intoi mediate marlstonc. 


* 'file recent researches of I’rolessor Edward Foibe.s among the Purbock series have 
fully illustrated tlic prudence of not trusting to frcMi-water molluscs as chaiacteiiziiig 
particular divisions in (le])osits, at least those ranging downwaids to that ])art of the fos- 
siliterous series, lie liaving ascertained that it required most careful critical examination 
to distinguish the fresli-water shells of that series, as it occurs at Purheck, from those of 
certain existing fresh-water mollusc.s in England and part of Europe. 

t The minor divisions of this group have been given with reference to those usually 
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a Variolated marls, Marnes Irisees, Keiiper. 

/>. Trins Croup* • . . Mu''clielka]k.t 

[c Ked samlstone, Or^s Rigarre, Bunter sandsteiiu 


A. Permian Croup . 


rrr, Prunar}/, or Ptdcroroir. 

{ It Zcelistein, Doloiiiitic or niagne.Mnn limestone. 
h Kotlie todte lit-gen le, lower new red conglomerate and 
sandstones, Cres Rouge. 


/>. Marine ecpiivalents of;*; . a Coal measures, Terrain Houiller, Stein Kohlen Cob(‘rge. 


a Carboniferous and mountain limestone, with its coal, 
C. ( 'arboniferous limestone sandstone, and shale beds in some districts. Calcaiie 

carbonitere, Bergkalk. 

Jt Carboniferous slates and yellow sandstone. 


P. Devonian group 
P. Silurian Croup . 


(f. Various modifications of the old red sandstone series. 
/iUjiper; Ludlow Rocks, Wenlock shale and limestone, 
Woolhope Limestone. 

h Middle; Caradoc sandstone and conglomerate. 
c Lower; Llandeulo, Bala and Snowdon be<ls. 


Cambrian Croup 


a Barmouth sandston(‘s, Pemhyn slates, Longmynd rocks, 
&c. Various rocks subjacent to the Silurian seiies in 
Wales and Ireland. 


Gmplo 5 "ed in Hngland for the sake of Knglish observers. Many modifications liave been 
slunvn to l)e ofi^'tod in other Lurojiean countiies. Of thcvse divisions those of the Oxford 
clay and has would appear much extended. 

* The Trias and Permian groups allbrd an example, as regards the British islands, of 
a classification taken from organic remains in preference to the mode of occurrence of the 
rocks themselves, these groujis here constituting p.uts of a general series of deposits with 
a somewhat marked general character, known as the new red sandstone. Certain general 
])hvsical conditions were prevalent during the accumulation of these deposits in Croat 
Britain, and cci tain poi turns of Western Europe, at the time that a modilieatioii in the 
life of the ])eriod was "apparently elleeted in the same area and those adjacent to it on the 
north and east. 

t 111 the collections lately brought to England by Captain Strachoy, Bengal Engineers, 
after an e\ainination of the Himalaya range, the forms of eertaiii organic remains from 
the Thibet side of those mountains remind the geologist of those found marking the ]\lus- 
chelkalk of Cerinanv ; an interesting circumstance, considering the range of that rock in 
Europe. 

X When the great thickness of these deposits in Europe and America is considered, it 
becomes very desirable to find tCeir marine equivalents, iiiasmucli as tlic conditions 
under wliich the great mass of these coal measures lias been accumulated, as has been 
noticed'in the scipiel, could scarcely constitute other than minor parts of those generally 
prevailing at the time. It is easy to conceive, as has indeed been done, that their marine 
.'quivalents might contain either the organic remains usually found in the deposit beneath 
fiiein in jiaits of Western Europe, or those found in the group above them, or a 
Tiixtiire of both. In Noitliern England the alternations of conditions by wliich coal beds 
wore included in the caihoiiifcrous limestone seiies, did not interrupt those for the 
"xistenco of a marked kind of maiine animal life in the same localities. 
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At.TEKED or MKTAMORntIG liOCKS. 

With the classHication ol* dctrital and chemical accumulations, 
effected by tlie aid ol* water, and of earlier geological datc^ tliaii 
tliose last mentioned (tlic Cambrian), there arc many diflicultics. 
Indeed the limits wliich may be assigned to the latter, in descending 
ordei", are, in tlie present state ol* our knowledge, most uncertain. 
In the district of tlie Longmynd (klhropshire) the Cambrian group 
attains a thickness of 26,000 lect, almost entirely composed of 
dctrital d(‘posits. Tlie same group, as exhibited in North Wales, 
not only presents a considerable depth of similar accumulations, but 
also shows, by pebbles in its conglomerates (vicinity of llangor, JJan- 
beris, ^e.), that sands were firmly cemented into sandstones, and 
tliese ground into shingles, by water action, prior to the production 
of sucJi conglomerates. These conglomerates, whicli also contain 
rounded fragments of hornblendic and Iclspathlc Igneous rocks, o(‘ 
a general character similar to those subse(]ucntly vomited forth in 
the same region amid the Silurian deposits, may only constitute 
portions of a series in the same manner that many other con- 
glomerates arc included in groups of rocks bearing given name's ; 
in fact, be the beaclu'S of dillerent portions of the time rcepiircd 
for the whole deposit; yc‘t they, with the muds, silts, and sands of 
the })eriod, become important as pointing to causes in action at 
that time similar to those I’rom which the like ,‘iccuinulatlons have 
been effected in after geological periods. Thus, as Tar as rc^searclies 
have yet gone, we do not arrive at physical conditions differing, 
as regards the production (T dctrital mineral accumulations, in 
any essential manner, that can be d(‘termincd, from those which 
have afterwards InHucnccd the accumulation of similar kinds of 
mud, silt, sand, and gravel, whether now constituting hard consoli- 
dated rocks, or li)imd in a state more rcscfnbliiig that in which they 
were originally formed. 

The aid to tin* classification of rocks, (mcc supposed to be derived 
from certain of* them having a crystalline or scml-crystalline aspect, 
yet still j)rcscrving a general stratified arrangement of parts, 
various modifications of tlicm bearing distinct names, sucli as 
gneiss^ mica slaie^ and others, is now well known to be imsatisf'ac- 
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tory, inasiimch as siutli rocks liavc been ascertained to be of 
different geological dates. Whenevtn* any heated mass of igneous 
rocks lias been thrown into juxtapositi^ni with detrital accumula- 
tions of various kinds (mud, silt, sand, or gravel), tlie conditions 
under which the latter arc tlicn placed become favourable for the 
modification of their component parts. Various circumstances, 
heat being regarded only as one of them, then so act that, besides 
a tendency of similar matter to gather itself together in irregular 
forms, particles can often so freely move and adjust themselves, 
that even minerals of distinct characters are formed, rarely, and 
sometimes not hitherto, discovered amid any other tlian these' 
modified or altered rocks. As such modifications or alterations 
would be expected to depend upon the general chemical character 
and physical structure of the deposits acted upmi, these minerals 
arc {blind to be combinations of the substances which could readily 
^ move and unite in a definite manner, dims, the altered rocks 
aflgrd such minerals as andtilmite (especially a silicate of alumina, 
tlic base of clays), chiaHolife (another mineral, in whicli silicate of 
alumina is the chief ingredient), cijanite (another form in which 
the same substance is essential), staurolite (where silica, alumina, 
and peroxide of iron are required), and the garnet^ with all lis 
differences arising from isomorphism, and in which silica may Ixi 
prominently combined with alumina or iron, magnesia or lime, as 
the case may be. ^ While minerals of such kindvS could be develoj)ed 
in these altered rocks, we should also anticipate that micaceous 
and siliceous sands or sandstones, as also those in which frag- 
mentary portions of' f'elspar were mingled, and esj')ecially when the 
latter were not decomposed, would be much modified by a free 
movement of certain substances. We might expect much oblitera 
* tion of the grains of the sand, a disposal of the silica in planes, 
either of original deposit or of cleavage, should that have been 
effected in the rocks acted upon, as also that the micaceous and 
felspathic portions might be more gathered together in places, and 
even readjusted in crystals, since we know, as regards the solution 
of the component matter of such minerals, that in some veins 
evidently filling fissures, quartz, mica, and felspar arc found either 
alone, or mingled with other minerals in a manner pointing to 
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their production Iruin solutions, their eoinpoueut parts derived 
from the adjucent rocks. 

The like circumstances acting upon more simple substances, 
formed into beds ol* rock, such as limestones, and the combinations 
of ordinary calcareous matter with carbonate of magnesia in various 
proportions, would necessarily also produce modiheation in tlic 
arrangement of tlie comjxaient particles, a confused crystalline 
adjustment of them being eilected, such as tliat seen in statuary 
marl)le, wIk'U conditions were most llivourable. When these 
bodies wi're h'ss pure, mingled witii dctrital matter of the ordinary 
kinds, the eircumstanco>; would be favourable to the development of 
dillerejit mineral Mi])<tances, sucli as garnet’^ aii'l otlaws,* amid ‘lie 
gciKU’al ma>^. Loolcing at the varied modi\s in which dctrital and 
chemical accumulations luue beem formed, and the dilliM’ent manner 
in which tluy can be acted upon liy the inilmaicc's noticed, eithm* 
on the minor or large scale, tlie o’cikuyiI result could scarcidy b(‘ 
otherwise tliau of the movt varied kind. To attemjit, tlu'refon*, a 
clas-^iilicatio]! of theso na di(i(‘d or altered rocks rclativi'ly to giado- 
gical dates, would b(‘ ol)\iou>ly uso1(‘ns. 

Ill eon^'iderlng rt)ek< ol* thi> kind it i^ needful also to hi'ar 
in mind tlie general oaiditioiis under which l)eds of dctrital or 
chemical depo>lis may bi‘ modified, or allerc'd from th(‘ir original 
state ot‘ aceiimulallon, hy other conditions than thoe of the eoiUacL 
or juxtapoHtiou of miiuTal nuitt(‘r in a state of igiu'oiis iiision. 
Independently ol‘ cheinieal eliangt^s (‘fh'eled hy tlie ijrrangcmeiU oi‘ 
the substances in dilli'nnit states ol‘ eomhination, adjusting tlnmi- 
sclves according to their aflinities and tlie conditions under wliieh 
tla^y arc then placfxl,t the elrenmsuniees which would ari.M^ when 


* 111 tln^ manner ny^taN of <{uait/ li.ive b«'oii somotiincs jaodticLMl m IkmIs dT statnarv 
piai'ble, as, for oxaiiiplp, that or(\arrar.T. • 

f Wo find fpi.iif/ rorks ftliat is, crr.iins of quartz, ao<Miiiuil:itod as saiuh, and firmly 
cemented totjiethci by siluja, the sejiaratimi of the old .suriarcs of tlie sand-iriaiiu fiom the 
siliceous cement sonif‘tinie<=: olisenre) as the continuation of ordinary hods of qiiaitzoso 
sandstone, tlie latter >ometime> si icjhtly consolidated, and have simjily to infer to account 
for the facts observed, mIk a infiltiated so as to consolidate tin' hods more in coitain situa- 
tions tlian in others. Such quaitz rocks lia\e often been .supposed “altered oi inela- 
morjihic’* in the sense used for some of the same ;j;enernl aspect acted upon, with others, 
hv juxtaposed igneous math-j wlii. h had been in a fuseil state from heat; wlierea.s tliev 
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sucli beds (jf rock were deeply buried beneath great accumulations 
of mineral matter, liavo to be carefully considered, if tlic tempera- 
ture increases in the manner usually inferred as we descend 
benc'atli the surface of the earth, even to liioderate distances. 
Fluge masses, representing former wide-spread portions of the 
cartlfs surface, might thus be placed under conditions similar 
to those whicli produce modification and alteration when igneous 
matter rises from beneath and is forced amid or against detrital and 
clieinical d(‘posits. When again uj)heaved, as we know great and 
wide-spread masses of rock have often been during tlie lapse of 
geological time, it would be anticipated tliat similar matter, act(‘d 
uj)on in a similar manner, would present like results, and there 
is much reason to consider that such influences have been the 
causes of'tlie modllleation and alteration wc sometimes find. 

ISy carefully regarding altered or metamorplilc rocks on the 
large scale, and with reference to all the conditions under wliicli 
they may be ])rodu(!C(l, they are found to constitute a mass of 
mineral matter of mucli importance, showing us, in tlieir most • 
crystalline readjusted state, the extremes to whicli sucli matter 
may be modified without the mingling of parts inferred when in 
a state of igneous fusion. Igneous rocks themselves are often 
modified, tlieir component particles having, as it were, striven 
to adjust tliemselves in a perfect manner as in the detrital and 
cliemical deposits. Thus, ordinary greenstone can be sometimes 
observed to liavc its component minerals, hornblende and felspar, 
presenting tlic aspect of the rock known as Jiamblcndc rocl\ and 
beds of similar matter, eitlicr abraded from solid greenstones or 
vomited fcirtli as aslies, and arranged in beds by tlie agency of 
water, to become the rock known as Itornhlcndc slate. Thus, then, 
•without attempting to clas.sify these modifications and alterations in 
the arrangement of the* component parts of detrital, chemical, and 

are merely more firmly cemented and purer <iuartzosc or siliceous modifications of com- 
mon hard grits, dispersed amid soft^inarls aii<l shales in so many deposits. Again, the 
original crystalline aceuinnlations of more eheinically-fonned beds have to he duly voijavded, 
and separated from the “altered or inetamoiphic roeks” under notice, as we know that 
even confused crystalline deposits have been thus jirodiieed. 
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even igneous iiccumulutions, geologically, as n^garcls relative dates, 
they still, to a certain extent, constitute a class veiy coiivenient 
for investigation, it being always borne in mind that it is de- 
sirable only so to regard them, in the present state of our 
knowledge. 
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CllAlTEli I. 

I'l'XJOMI’OSinON OK KOOKS.— FORMATION OF SOII.S. - hl/OMIO^mON ul- 
ORANl'PK; KOOKS.-— DFCOMI'OSI I’lON OF SANOSTONKS AND DIMKM'oNKS. 
INFLUFNOK of SrilUOrUllF and OKOANIO KFMAINS on DKCOMI’OSJTION. ' 
DFCOMrOSUTON OF ROCKS CONTAINING IRON. 

Ah geological knowledge advances^ the more evident does it become 
tliat we should first ascertain the various modilications and clianges 
which now take place on the surface of' the cartli, carel'ully con 
sidering their causes, and then proceed to emjdoy this knowledge, 
so far as it can be made applicable, In explanation ol’ the geological 
accumulations of prior date. This done, we shoidd proceed to 
view ^ the facts nji)t thus explained, with reference to the conditions 
and arrangements of matter which the form ol’ our plaiu‘t, tin* 
known distribution ol’its heat, the temperature of tlic surrounding 
space, and other obvi(ms circumstances, may lead us to infer would 
be probable during the lapse ol* geological time. 

The geological observer cannot be long engaged in his rcscarclics 
before he will be struck with the tendency of* rocks t(^ decompose 
by the action of atmospheric influences upon them. He will soon 
perceive that this decomposition is both chemical and mechanical ; 
that certain mineral bodies more readily give way before these in - 
llucnces than others ; and tliat from altered conditions, as regard.-- 
such influences, the same^cinds of rock will more easily decompose 
in one situation than in another. 

It is in consecpiencc of this decomposition that we ha\e soils 
supporting that growth of vegetation uj)on wliieh aninud lili; 
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depends ; lor soils arc but the decomposed parts ot‘ more or less 
consolidated sea or lake bottoms and of igneous accumulations, 
with the remains of the vegetation which has grown on them, and 
of the animals which have lived upon tlie plants. From the varied 
configuration of surface the decomposed portions of rocks, forming 
soils, may not always cover those irom whence they were derived, 
for tliey may and sometimes have been carried, mechanically sus- 
pended in water, to various distances, and tlicre deposited, in such 
a manner as to be mingled with the decomposed portions of other 
rocks, or wliolly cover over the latter. Be this, liowever, as it 
may, tlie decomposed ])arts of rocks form the base of the soils, 
aUbrding soluble mineral matter to the plants requiring it, and 
presenting a physical structure capable of supporting their growth. 

The decomposition of rocks, in its various sti’.ges, will requi*e 
much attention, so that the observer may properly classify the facts 
coming within the range of his researches. Among rocks of 
igneous origin, such as granites, greenstom's, and the like, he will 
find that the decomposition of felspar is among the chief causes of 
the disintegration ol‘ the igneous masses of which this mineral may 
Ibrm a part. It would be out of plae.e here to enter upon the 
composition of the various minerals of the felspar lamily it 
will be sulHcient to refer to those portions of them which are soluble, 
such as the silicates of potash or soda, as the ease may be. Tlicse 
silicates, from the action of carbonic acid in the atmosphere, derived 
from the decay of vegetation, or brought into contact with them 
by waters containing it in sufficient abundance, are often readily de- 
composed. The particles once loosened by decomposition, and 
some of them carried off in solution, rains andvdianges of tem- 
perature, particularly in regions visited by frosts, act meclianieally, 
and the surface of the rock, under favourable conditions, is removed. 
From a repetition of these causes the rock becomes decomposed to 
various depths, according to circumstances. In eases where the 
remaining portions are cither too larcre or so situated as not to be 
readily carried away, a coating of the disintegrated insoluble part 

* The four minerals of this family which chiefly enter into tlm composition of rocks, 
are orthoclase, albite, lul)racloritc, and oligoclasc, tlie general clioniical c«)nij)osition 
of which may be regarded as follows :~ 


Silica. 

Aluminn. 

Potasli. 

Soila. 

Lime 

Orthoclase 65*4 

18 

10*0« 


Albite . fl9*3 

19’1 

_ 



Labradorite 33*7 

29*7 


4-5 

12*1 

Oligoclase 03 

2D9 

- 

12 -Ic 



a. Including a little soda and lime. b. In part often replaced by lime or potash, 
c. (’ommonly, also, containing potash and lime. 
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remains, and to a certain extent protects the solid rock beneath 
from that decomposition wliich it would otherwise have sufleicd. 

In many granitic regions ample opportunities are afforded of 
observing the amount of decomposition thus produced ; high tors 
or bosses of rock rising alcove a surface in a decomposed state 


Fig. 1: 



(fig. 1), while hard masses, having the lallacious appearance of 
boukhu’s, rounded by attrition, are sometimes included in the loose 
decompo.sed granite, as represented bemeath (lig. 2). 



d - - ' 


This illustration is taken from part of the road between Oke- 
hanipton and Moncton Hampstead, Devon, a represents the vege- 
table soil; i decomposed granite ; c c solid rounded masses of iin- 
decomposed granite, included in the decomposed part ; and d d 
solid granite. 

In such a section as this, great care should, however, be taken 
to ascertain tliat c c are not transported boulders of granite, in- 
cluded in smaller granitic gravel, as sometimes happens with 
granitic drift, near the sources whence it has been derived. 
Fortunately in this case the observer would be assisted by the 
presence of large crystals of felspar disseminated through all parts 
of the rock, both decomposed and undecomposed, and which are 
beautifully preserved, remaining uninjured in their forms and in 
their relative positions throughout the decomposed granite. 

In granitic regions, sections sucli as that beneath (fig. 3), in 


Fig. 3. 



which a represents the vegetable soil, as it is commonly termed, 

B 2 
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b the decomposed, and c the solid granite, arc not unfrcqiicnt. 
Sections of this appearance should, also, be carefully examined, and 
it be clearly ascertained that the granitic particles at h arc of the 
same kind, and in the same general relative positions, as those at c, 
and that there can be no chance of their having been brought into 
their present position by moving water. The quantity of trans- 
ported granitic matter around granite districts, as also among them, 
is sometimes so considerable that a superficial deposit of granitic 
particles, covering a very different kind of rock, may, without due 
care, be readily mistaken for a mass of decomposed granite, in 
the same way the remains of the rock of one part of a granitic 
region may be removed and cover the rock of another portion. 

Amon<x those iixncous rocks in whlcli hornblende* forms a 
marked component part, it sometimes happens that this mineral .s 
also disintegrated. 

In the decomposition of the igneous rocks chiefly composed of 
felspar and hornblende, when the former mineral prevails, tlie 
surface of these rocks has usually a white aspect, the soluble silicates 
of* soda or potash, as the case may be, being removed, and a crust, 
principally formed of silicate of alumina remaining. Wlierc horn- 
blende much prevails, a brownish and reddish surface is common, 
the protoxide of iron of that mineral having been converted into a 
peroxide. 

liocks ill which the felspar and hornblende have both been 
decomposed, are in some situations thickly coated with a loose 
covering. The variable manner in which a mass of igneous rock 
that has been placed under equal atmosplicric conditions may have 
been unequally decomposed, will often afford an dkccllent ilhistra- 
tion of the original diUcrcnccs in it, arising not only from a varia- 
tion in the component parts, but also from the modified manner of 
their aggregation, in consequence of differences in cooling. 

Some veins or dykes, as well of granitic as of other igneous 
rocks, afford excellent examples of their variable power of resisting 
the same order of decomposing influences according, chiefly, to the 
differences arising from modifications of* cqoling. Some granitic 
dykes, or elvans, as they arc termed in Cornwall, sliow, as in the 
following section (fig. 4), an amount of decomposition gradually 
increasing towards the central portion. In this section aa^bb, and 

♦ Hornblende is essentially composed of silica and of lime and magnesia, in variable 
proportions, these substances replacing each other, and sometimes also being partly 
replaced by protoxide of iron. 
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c represent, the diflerent parts of a granitic dyke, or elvan, traverfsing 
slate rocks, d d. Assuming, in this ease, that the elementary com- 

Fig. 4. 



a h c h a 


ponent parts of the dyke were originally the same, and that the 
dilFcrenccs found have arisen from variable cooling, as it is now 
well understood has frequently been the case, the decomposition 
lias been effected according to *the facility with which certain 
portions could be attacked by atmospheric influences and be sub- 
sequently removed. The two outward parts of the dyke {a a) are 
ci^iisldered to be composed, as often happens, of‘ a hard siliceous 
rock, tlic elements of the granitic matter having taken that form 
from comparatively quick cooling, so that this modification of 
it has resisted decomposition better than the rest. At h h, inside 
the hard rock, another modilication, arising from more slow cooling, 
is supposed to exhibit a porphyry, some mineral, very frequently 
felspar, crystallizing out amid the base, itself less compact than the 
preceding variety. Not unlrequently in such cases the felspar is 
decomposed, and the insoluble portions even removed when directly 
exposed to the atmosphere. Still proceeding inwards, the rock 
becomes more and more granitic, until, finally, tiic central portions 
arc well crystallized, and then exposed to the full action of the 
decomposing influences. 

often thus find, within a short distance, a good example of 
variable decoinposition arising from differences in physical structure, 
the chemical composition ofthc mass remaining the same ; a variation 
very instructive, since it enables the observer readily to appreciate 
the inequalities of surfiicc which, in many regions composed of‘ the 
same kind of igneous rocks, arise from changes in physical structure 
alone, some variations having better resisted decomposition or 
abrasion than others. . At the same time he should carefully study 
the modifications in hardness, and the capability of resisting de- 
composition arising from changes in chemical composition, such, 
for instance, as those obs«rvablc among the granites which occasion- 
ally graduate into schorl rock, in Devon and Cornwall.* 

* 'rho following may be taken as an estimated general view of the clicmical 
diflercnce between common granite, composed of two-fifths of quartz, tv\o-fifths of 
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01* tlic curious flirins assuined by granitic rocks from variable 
resistances to decomposition, those named the Kettle and Pans, at 
St. Mary’s, Scilly (fig. 5), may be taken as a good example.* 


Fig. 5. 



While rocks of a generally similar chemical composition, such as 
those above noticed, are found to decompose in a variable manner, 
according to the diflFcrent aggregation of their component parts, it 
would readily be anticipated that any rocks formed of different ma- 
terials, brought together as sands and gravel, and subscq\icntly con- 
solidated by some cementing substance, would be found to decompose 
irregularly and according to the different powers of their component 
parts to resist the chemical and mechanical influences to which they 
may be exposed. It will soon be perceived that, taken generally, 
the cementing matter of sandstones and conglomerates decomposes 
first, liberating tlic grains of sand and the pebbles, that have 
originally remained such from their hardness, and which are tlius 
ready to be again carried by moving waters to otiicr sitmftions, 
there to form the parts of new accumulations. The rapidity of 

orthoclaso, and ono fifth of mica, and scliorl rock, supposed, for illustration, the pro- 
]>ortions varying materially, to be formed of equal parts of schorl and quartz : 



Chanite. 

Schorl Rock. 

Silica 

74-84 

G8-01 

Alumina . 

12*80 

17*91 

Potash 

7*48 

0*3r) 

Soda 

. 

0*98 

liimc 

0*37 

0*14 

Magnesia . 

0*00 

2*22 

Oxide of iron . 

1*93 

6*85 

Oxide of manganese . 

0*12 

0*81 

Fluoric acid 

0*‘A 


Boracic acid 

. - 

1*79 


^ Though the true origin of the “ Kock Basins,” ns they liavc been termed, is in 
tjencral suflicientJy clear, it may often have hap])encd that, owing to a convenient 
situation, the Druids may have employed them for their purposes, either as they 
/jaturally occurred, or \^ere artificially modified. 
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decomposition in such ciiscs necessarily varies according to the 
nature of* the cementing substance. A calcareous cement, though 
hard, will more readily give way before the cliemical influences 
acting on limestones than ordinary siliceous matter, though the 
latter may be less compact ; while a siliceous cement, if porous, may 
be more easily removable by the combined action of frost and thaw. 

The hardest limestones, even those termed marbles when crys- 
talline, will be observed to decompose on the surface.* The action 
is necessarily variable and dependent on the different resisting 
powers of the rock, on tlie one hand, and the exposure to the 
nccdf'ul decomposing influences on the other. A crystalline and 
calcareous vein, running through an ordinary limestone, will often 
be seen standing out in salient relief, the arrangement of particles 
in the crystalline form, notwithstanding that the carbonate of lime 
is then generally more pure than in the body of the rock, being 
better able to resist atmospheric influences than in a less definitely 
arranged position. 

Upon furtlier examination it is perceived that not only the crys- 
talline veins thus protrude upon the surface of the limestone rocks, 
but that many an organic remain does the same, and, in some 
instances, a limestone is only clearly distinguished as fossiliferous 
by this kind of decomposition, the common internal fracture ill 
exhibiting the fact. That this harmonises with the comparatively 
undccomposed condition of the crystalline vein becomes apparent 
when we examine the structure of these organic remains. The 
shells either retain to great extent the original crystalline or other 
definite arrangement of their parts, so essential to their well being 
when the animals of which tliey once constituted the hard portions 
were alive, or having been decomposed in the body of the rock during 
tlic lapse of time, the empty spaces, (or casts, as they are commonly 
termed) have been filled with crystalline carbonate offline, which has 
percolated in solution through the pores of tlic rock into the cavities.f 
By this kind of decomposition we often learn that many a 
limestone is really little else than a mass of organic remains cemented 
by a minor quantity* of chemically deposited carbonate of lime. 
Some of the hardest limestones afford excellent examples of this 

* This is often well shown in^olleetions of antique marble statues. 

t It was considered useless further here to remark on the composition of organic re- 
mains. It may, however, be noticed that the bones and teeth of fish, reptiles, birds, 
and mammalia have been often secured from removal by their composition, and that 
into the cavities left after the original decomposition of shells other less soluble sub- 
stances than carbonate of lime have been infiltrated, such for example as into the 
cavities of the Gryphtea incurva ami other shells, in the lias of Glamorganshire, w’here 
silica has replaced the original matter of the shells. 
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liict. The beds ef* earlH'nileroiis liiKCStone ol Knglund, for Jiuiulreds 
of leet in depth, arc occasionally found composed of little else than 
the disintegrated joints of cncrinites, mingled with sliells and a 
few corals.* 

By the aid ol‘ decomposition we not only learn that many lime- 
stones arc little else than such accumulations of' the harder parts of 
molluscs and other creatures, many of which have lived and died in 
tlie places where we discover tlieir remains ; but we also find re- 
vealed the arrangements of the component pai’ts of' rocks, as well 
igneous as acciunulated by means of water, which do not other- 
wise apjicar, arrangements of parts exceedingly important when we 
study tlic original manner in which rocks have been accumulated, 
(»r the mtMliiications and changes to wliich, diiring the lapse of 
geological time, they have been subjected.! Many a sandstone, 
\V(‘ll urathn'M, iis it is termed, will exhibit as lienoatli ((ig. fi), a 


Fig. (J 



lioneycombcd and irregidar appearance, arising from the diflcrent 
character at parts of tlic cementing substance, either original or 

subsequent to the accumulation of the rock, as the case may be, 
( 

* lliis 1‘act may be well studied, among other loralitics, on the southern const of 
Fembrokeshire, where tlie clilfs alFord excellent opportunifics of observing the mode 
iu which the materials of its carboniferous limestone have been accumulated. 

t As regards the weathering of calcareous rocks, iC can be seen to great advantage 
on part of the shores and amid the islands of the Lake of Killarncy, where the car- 
boniferous limestone is hollowed into most fantastic forms. A well-known and 
.slicingely-forined rock, standing out into the <ireat Lake, known as O’Donaghue’s 
Horse, and wliich so well illustrated this decomposition, was unfortunately thrown 
ilowii by the action ot the Ircsh-water breakers upon it in IHf)! ('arbonic acid in the 
^^^ltors ol the Lake, near its burfucc, has acted very conspicuously in this locality. 


DECOMPOSITION OP ROCKS. 


0 


Cu. I.] 

ami many anotlicr structure, also of impf)rtancc, such as the concre- 
tionary structure of some igneous rocks, then alone becomes 
apiKirent. We should, for example, probably be ignorant, without 
weidluiriwj, of this arrangement of parts in the granitic or clvan 
dyke,* a a, cutting through slates, b b, at Watergate Bay, Cornwall, 
and figured beneath (fig. 7). 

Fig. 7. 


a 



"riic division (^f rock masses by cleavage greatly aids their 
dccompositirm, since it renders them slaty, when tliis woidd not 
^lapp(Ml from any original accumulation of* sand or mud in thin 
layers, one above tlie other, and the like arises from those separations 
in planes, named joints^ more distant from each other, and which 
with the cleavage planes will be furthei considered in the sequel. 
By these means water more readily percolates through many rocks 
than it would otherwise do, and thus a greater amount of soluble 
matter may be attacked than would otherwise have happened in the 
same time. 

Many hard rocks break up superficially in a manner showing 
little syflimctry of form in the fragments, so much so that their shape 
seems more due to the irregular action of decomposing influences, 
than to differences of* resistance from original structure. A com- 
pact limestone or hard sandstone may often be seen broken up 
beneath the soil, in the manner exhibited in the accompanying 
section (fig. 8), in which a represents the vegetable soil, c c? a hard 


Fig. 8. 



limcstcmc or sandstone, and b b fragments of* the same rock, largest 


* 'this ilykc is a compound of quartz, felspar, and mien, containing disseminated 
rystals of felspar. 
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towards c c, and evidently having constituted portions of the sub- 
jacent higlily inclined beds, while the upper fragments are smaller 
and more confiiscdly mixed, though still angular. It sometimes 
happens when the vock, so broken up, is a sandstone that the 
chemical change of iron in the cementing matter subsequently to 
the formation of the fragments, is well seen. Upon breaking these 
fragments, sections, as beneath (fig 9), will often present themselves. 


Fig. 9. 
b 



A central portion remains uiuJiangcd, surrounded by irregular 
zones {bb), commonly of a brownish red, arising from chemical 
action, by which the protoxide of* iron has been converted into a 
peroxide. Similar changes of the protoxide of iron into the per- 
oxide, are observable among the argillaceous limestones, such as the 
lias, and are indeed sufficiently common. 

In some very earthy limestones, which may rather be considered 
to have been once silt, highly impregnated with calcareous matter, 
the disappearance of the latter in the higher parts of the rock, even 
to many feet in depth, has been so complete, aijd the peroxidation 
of* llie iron so extensive, that a rusty looking porou^ substance alone 
remains. Among some of the older accumulations such a rock may 
often be seen, and be found the only means by which beds, here and 
there containing a larger per-centage of carbonate of lime, can be 
traced or connected. Among the older rocks also, many a layer 
of a rusty colour shows a total disappearance of the carbonate of* 
lime of the numerous shells which once constituted the bulk of the 
layer, their casts, or the spaces which, they once filled, alone 
remaining, while the iron contained in the mud or silt which 
first enveloped them, has been converted altogether into a per- 
oxide. * 

While thus the iron contained in many rocks exhibits a gradual 
change to a peroxide, many red marls and sandstones show an 
alteration from the peroxide of iron, giving a general red tint to 
these deposits, to a protoxide. Beneath the vegetation, and by the 
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sides of naturiil joints the red colour will be seen converted into a 
green or bluish green, the change being due to the elFects of decom- 
posing vegetation, which has robbed the adjacent peroxide of iron 
of a portion of its oxygen. This is a point of much interest when 
we study the cause of the streaks of green or bluish green amid the 
red marls and sandstones of different geological ages, and which 
have probably arisen from causes in operation at the period when 
the whole has been accumulated. When we examine into the 
variations and modifications of colour arising from the present 
effects of decomposing vegetation, the old changes liave to be care- 
fully separated from the modern, since both are sometimes 
exhibited in the same sections. 

The observer must be careful, in his estimate of the amount of 
decomposition which rocks may sustain from atmospheric influences, 
duly to consider the power of vegetation to prevent, assist, or 
otherwise modify it according to circumstances. Vegetation may 
prevent decomposition, by presenting a certain barrier to the effects 
*^V)f sudden frosts and tliaws ; assist the action of rains by keeping 
the higher parts of rocks more permanently wet tlian they would 
otherwise be ; or greatly modify it by the various effects produced by 
the kind of plants which may cover the land at given times ; for a 
portion of country covered by forest trees would be differently cir- 
cumstanced, as regards the probable decomposition of the rocks of 
whicli it is formed, than when the same portion was either broken 
for tillage or spread over with pastures. 

As a whole, the study of the decomposition of rocks is one of 
much ingportance, since by it we learn a variety of facts connected 
with the original accumulation of mineral masses, with wliicli other- 
wise we should be unacquainted, and at the same time it often 
teaches us properly to appreciate the changes and modifications 
which have occurred since such original accumulation. It enables 
us to form a correct judgment of tlic amount of matter wliich may 
thus be prepared for removal and for accumulation elsewhere. We 
see causes and effects that have l)cen in operation whenever land 
arose from beneath water into the atmosphere, however modified 
these may have been by alterations of conditions, such as those now 
found between the tropics, imd in the arctic or antarctical regions, 
or which may have taken place in the atmosphere of our planet 
from its earliest state. 
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CALCAREOUS BRECCIA. — CHLORIDE OF SODIUM IN SPRING WATERS. — 

SILICA IN AVATKR. — HOT SPRINGS. — SPRINGS ON THE OUTCROP OF BEDS. 

— SPRINGS FROM FAUL'PS. — CAUSES OF LANDSLIPS. 

As spring waters arc not pure waters, but hold different sub- 
stances in solution according to circumstances, and as it is evident 
that at least, the bulk of such waters arc only rains which have 
percolated through rocks, and variably pour out again according to 
conditions, the substances so in solution must have been removed 
Irom the rocks. However small the soluble matter found in any 
single spring may be, on the average, collectively its amount is 
considerable, particularly when we regard the changes which rocks 
must have undergone from this cause alone during the lapse ol* any 
geological time, when circumstances may have thus permitted the 
removal of soluble matter from any given mass of them. 

With the removal of lime as a bicarbonate we arc commonly 
familiar, since by the loss of the excess of carbonic acid required to 
retain it in solution, this substance is thrown^ down in different 
forms varying from a simple incrustation upon vegetable matter, or 
upon stones or rocks, amid or over which water containing it may 
flow, to hard and compact limestones, some taking a crystalline 
form, as is frequently so well shown in the beautiful stalactites and 
stalagmites of many caverns in limestone countries. It is no un- 
common thing in calcareous districts to find the fragments of lime- 
stones which have been detached from faces of rock by atmospheric 
influence, firmly cemented together, as a breccia, by carbonate 
of lime, left by the waters which have percolated through them. 

In the calcareous countries of the tyopics, where evaporation is 
more rapid than in temperate climates, the deposit of carbonate of 
lime may often be studied with much advantage. Heavy rains 
falling amid a mass of vegetation, the decaying parts of which fur- 
nish the needful carbonic acid, carry this with them amid the beds, 
joints, and caverns of the limestones ; carbonate of lime is thus re- 
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moved, and when the waters again emerge charged with bicarbonate 
of lime, and arc exposed to the heats ol* a tropical sun, incrustations 
arc formed in the shallow and slow-moving portions of the streams. 
Trees may even thus become imbedded by the shifting course of 
the waters, as is well seen at the Roaring River on the north side of 
Jamaica, where waters containing much bicarbonate of lime, after 
leaping over a cliff, run roaring amid a forest, the lower portions 
of the trees of which they encase with carbonate of lime, and shift 
their channels as new accumulations compel them to follow a new 
direction. 

In shallow sheltered bays also of tropical coasts, to which water 
containing calcareous matter may slowly find its way, the solution 
becoming thus highly concentrated by evaporation as it flows on- 
ward, opportunities are occasionally afforded for ob^rving the 
formation of the little rounded grains of calcareous matter in con- 
centric coatings, termed oolites, a slight ripple being sufficient to 
produce a to-and-ffo motion on the beach on which the calcareous 
matter is being deposited. Upon breaking these calcareous grains, 
Sometimes a fine particle of common sand, or broken shell forms 
the nucleus, at others it would appear that a simple particle of the 
calcareous matter itself*, before it became attached to any other 
solid substance, was sufficient for the purpose. 

Though many countries show deposits of carbonate of' lime from 
waters flowing over them, parts of’ Italy liave so long been remarked 
on this account, that the name travertino has not unfrequently been 
given to such accumulations.* This deposit has also a peculiar 
interest in that land, inasmuch as we there sometimes find ancient 
architcckiral works,^ as for example, the remains of the temples at 
Paistum, constructed of travertine, containing the remains of tlic 
same kinds of terrestrial and lacustrine shells which now exist in 
tlic vicinity, and become entombed in the travertine now forming. 
Of large accumulations of calcareous matter depositing under the 
atmosphere and not beneath bodies of water, the plains of‘Pamphylia 
would appear to afford a very striking example. The coasts of Kara- 
mania have long been known to present good instances of beaches 


♦ Not only have we excellent opportunities of there studying the calcareous de- 
posits thrown down from waters of o|dinary temperatures, but those also from thermal 
springs, in which other substances are mingled in a manner to produce very interest- 
ing results. Of this kind is the intermingling of silica with the other deposits at the 
baths of San Filippo, where tlie waters have a temperature of 122^ Fah^. (one spring 
being about a degree higlier), and contain in solution, silica, sulphate of lime, bicar- 
bonate of lime, and sulphate of magnesia. The ground around is composed of traver- 
tine deposited by the springs. 



14 


RExMOVAL OF PARTS OF ROCKS BY WATER. 


II. 


consolidated by tlie percolation of carbonate ol* lime amid tlie 
pebbles, thus forming a conglomerate. We may thus obtain not 
only breccias and conglomerates upon the land, by the evaporation 
of water, charged with bicarbonate of lime, without the aid of lakes, 
but also sheets of limestone, the overllow ol‘ rivers and the shifting 
of their courses causing the necessary deposits. It would be 
desirable, whore fitting opportunities for studying the latter kind 
of accumulations may be found, carefully to examine the differcn(‘es 
between them and those deposits effected in trancpiil bodies of water, 
such as lakes. We should expect, while tlie gradual rise and over- 
flow of the rivers may here and there bury, by means of the 
calcareous deposits from them, the fluviatlle or lacustrine molluscs 
living previously in fnourable situations, that there would be much 
showing the drift of animal and vegetable substances borne onwards 
to localities where their further progrt'ss was arrest(‘d. and wliere 
they became ontomlx'd hiMK^ath the limestoiu' afterwards Idriued 
over them. 

Althougli limestone may thus silently and unper(‘eivi*d be trans- 
ported from one locality to another, since the clearest waters maV 
contain the bicarbonate of lime in abundance, many other substances 
arc also, in a similar maniu'r, borne onwards in solution ; and it 
becomes desirable, in tli(‘ jiresent state of g(‘ol(>gi(‘al S(aenc(‘, that 
the mass of this mattcu’, and the proportions of* the substances com- 
monly compo.^ing it, should bo examined. Something is done by 
every analysis made of spring and rivm* waters ; and th(‘ (hosin' to 
obtain good waters for domestic ])urpos(‘S, has lately led obsi'rviuN 
to connect the rocks f*rom which springs issiu* and afl()rd thesupjily 
to riv(‘rs with the cjuality of waters ; but it ^^ould b(' w#.‘ll more 
sy'stematlcally to study the soluble matter oouveved awav in thi^ 
manner by moving water.*' 

It should be recollected tliat wh(*n rivej\s are swoll(‘n by rains, 
tliougli substanocs in solution amid the rocks may he then forced 
more abundantly out of some tlian at otlica' times, the ainoimt (d* 
soluble matter is not increased iii proportion to the water, sinri* 
much rain or melted snow then runs off the ground without pciu'- 
trating amid the rocks. T’ornmon salt (clilori le of* sodium) will he 
found more freciuent than may usually be supposed in spring and 

— __ — j _ 

* Much may be accomplished by takinj? up the water in cl(‘an hotlles, wcll-eorkin^r^ 
sealing, and securing them; noting the state of the springs, streams, and riveisat the 
time as regards the (piantity of the water in them, and by obtaining a section of (lie 
rivers at some convenient situation, and a proper insight into tlieir veh)eitjes at tlie 
time of taking tlie water, so tliat a fair estimate may he obtained of the amount ot 
soluble matter transported. 
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liver waters. Wlicn we consider the numlicr of rocks which, from 
their organic contents, wc liave reason to suppose were formed 
beneath tlie sea, and which have been deposits of mud, silt, sand, 
or gravel, now elevated into the atmosphere, so that rain waters 
peri^olate through them, wc shall not be surprised at the presence 
of chloride of sodium, since it is to be expected that this and other 
salts in solution in sea waters would, Ibrmerly as now, be dis- 
seminated amid m(*chanieal dciposits efhicted in the sea. 

Sili(;a is well known as in .solution in some waters ; chiefly, 
how(‘ver, found in appreciable quantities in those which are 
thei'inal. d'hc geysers of Iceland have been long celebrated for 
their abundant siliceous deposits.* Silica has borne such a part 
in the consolidation of rocks, that wherever opportunities occur of 
observing the eih'cts arising from the action of silica-l)(.‘aring waters, 
th(‘y should receive carelul attention. The manner in which silica 
may be taken up in its nascent state, and in which it is discovered in 
heated waters, are circumstances of much importance when we have 
to consider its mode of occurrence in veins, or its agency in agglu- 
tinating the particles ol’nuid, silt, and sands in beds of rock. Jt is 
now known not only that certain jdants require this substance, but 
, that it is es.schtial to soino animals ; so that the study of the mode 
in which silica may be taken up in .<oluticui, distributed, and used 
not only by plants and animals, but also for the consolidation and 
filling up of the fractures of rocks, is one of much interest. 

Springs arc presented to our attention chiefly under two forms. 
First, from the combination of porous and less permeable rocks in 
such a manner that the water pas.sing readily through the former, 
and wltU dilliculty Mirough the latter, lines of springs may form at 
any sides of hill5 or other exposures, where its outpouring is more 
easily effected than in other directions: and, secondly, from out of 


* Sir (ioorjro Markoiizit* {T/artls in Lelund^ nuMilions that dcjH.sifs from the 
Censors (‘xteiul to about Iialf a mile in various cliroonons, witli a thickness of more 
tluin tuelve feet. The leaves of birch nml >>ilUm are fossilized, every fibre being 
difSoeriiil)le. (irasses, rushes, and peat aie in every state of jH'trifaction. Very 
elaborate analyses of the (Jreat Ceyser \^aters by Dr. Samiborger and M. Damour, 
Mill be found in tlie setiuel. From those it mouM appear that tlie silica constitutes 
about (br).") of liKK) parts, iiieludmg the Mater. 

The silieoous deposits from hot springs (tcmperatiiro 7.1''’ to 207'“' Fah’.) in the 
volcanic districts of Furnas, St. Michael’s, Azores, are important. Dr. Webster 
{Etlinburijh Phil. Jouninl, vol. vil) gives an iuttrostiug account of them. The 
siliceous deposits are noticed as most abundant in layers from a quarter to half an 
inch in thickness, accumulated to tlie deptli of a foot and upM nrds. Compact masses 
of siliceous deposits are mentioned as having been broken up and re-cemented by 
silica, and the compound is represented as beautiful. Tlie height of some of this 
breccia is estimated at tliirty feet, and the general accumulation, including a clay, 
also deposited from the M aters of tlie hot springs, as considerable, forming low hills. 
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those of breaks and dislocations ol‘ rocks which have bcc'ii Icrmctl 
faultSy and which become (*]ianncls into which waters arc ciila r 
drained laterally, or forced up from beneath. Let the follow mL» 
section (fig. 10) represent one of a country composed ol dilleuail 
rock deposits, somewhat similar to those in our oolitic districts, 
for example, a a being portions of a porous and calcareous I 'ck, 

a 

V 

c 

such as some of those oolites are, based upon a clay, b h />, itself 
reposing upon a sand, c c c, chielly composed of siliceous grains, 
and this again resting upon a clay, rf. 

We should here have the conditions for a marked example of 
the springs of the first class. The rain falling upon a a would 
percolate through it, taking up calcareous matter by aid of the 
carbonic acid in the rain water, or obtained in its passage through 
the vegetable covering and soil. Not being al)le to permeate 
readily through the subjacent clay, /-» h />, it would be tlirown out 
as spring water at the juu(*tion of tlic two rocks. 'This wat(‘r 
would probably contain much bicarbonate of‘ lime. 'Die sub- 
jacent clay might furnish some water in the valley v, a slight 
portion of the rains finding its w'ay amid tlie partic'lcs of clay, 
already moist. We will suppose that, as often happens, the spring 
water thus afforded would contain iron (from the (lcconij)ositioii al' 
iron pyrites), and sulphate of lime (iron pyrites and selenite being 
often common in such clays). Jlencatli, in tlie Iw'o hills to tlu‘ hit 
of the sectmn, the rain falling would not readily find its way liom 
above to c c, though laterally tliis bed may be expo.st‘(I to it, as a 
part is on the right of our figure. Tliis bcsl lias beim eonsidca ed 
as principally composed of' siliceous grains, and to be based on a 
comparatively impervious lied, d, which may be a clay. Springs 
would find their way out of this bed in the valley v, and we shonjd 
expect that, though they miglit contain certain matters in solution, 
these would not be tlie same, at least Kot in such abundance, as 
from the beds a and b, 

A stream, therefore, flowing down the valley v, would collect 
waters differently charged with the sulistanccs wliich rains on tlieir 
passage through the rocks had brought out in solution; and thougli 
the waters of such a stream would present us with a kind of mean 
of all the substances abstracted in solution from tlie various rocks. 


Fig. 10. 

a b 
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tiny would not show tlios(3 ohUiincd from any kind of* rrK:k taken 
by ils(‘ir. (lonscquently, would liave to ])0 studied wliere 

lh(^ s|)i‘in^»'s llowod IVoin eucli bed. 'i’he streams, moreover, eon- 
tain tlie top watej's wlu(*h, during rains, flow over tliC surJaee, 
canying oll‘, lnd( |)(‘ndently of* the matters mechanl(!ally lransj>oited, 
those which can be taken away in srdutiun, and wliieli liad ijot 
|i)rm(‘d c()mjjon<‘nt parts of any of the solid roeks passed o\er in 
their course, such matters being commonly derived immediately 
IVom animal and vegetable sources. 

The ol)S(‘rver would n'adily expect this simple inrxle of occur- 
rence of dissimilar rocks, furnishing water holding diflerent sub- 
stances in solution, to be variously iiKidified, so that while studying 
the kind of matter thus abstracted from rocks, he should carefully 
direct his attention to the connection of springs of tliis order with 
the kind of rocks traversed by rain waters. 

'idle joints and cleavage among certain rocks greatly complicate the 
subject in some districts, and in others contorted and crumpled strata 
so occur, that long troughs and irregularly formed basins tT water 
are Iield up amid the beds and rocks, pervious to water, in mmuc 
localities, while domc-shai)ed masses tend to throw these reservoirs 
ofl in others. In tlie cases of such basins and troughs, the water 
remaining during the drier times may perlectmany solutions, which, 
when the rainy seasons come to act, are borne away in springs, at 
that season only of importance. 

bprings of the second class are commonly more constant as to the 
fjuantity and quality of the waters they deliver, and in this manner, 
wlaai tliey traverse many dissimilar beds, furnishing the solutions 
of diileivnt substances, they are like the streams above noticed, as 
regards such substances. We do not, tliereforc, learn from them 
the kind of loss any particular rock may sustain from tins cause, 
though tliey may be useful in showing the solutions delivered from 
the fissures. Let / in the accompanying section (fig. 11) be a 

Fig. II. 
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dislocation traversing various dissimilar beds, so that the bed a is 
thrown down, as it is termed, on the left, and tliat we find otlier 
and upper beds, g h and e, occupying tlie same general le^'els, as n 
bed and e?, on the other side of the fault. In sucli a case the 
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various waters percolating through the latter would find their way 
into the dislocation with those of on the opposite side, and the 
solutions derived from all these beds would be mingled in the 
^ waters of the fault, flowing out at / in greater or less abundance, 
according to circumstances. We have here merely regarded the 
solutions derivable from the waters percolating through the upper 
beds ; but as in tlie greater proportion of faults we possess no means 
of judging of the depths to which the dislocation may descend, we 
cannot form a correct opinion of the kind of rocks traversed by 
them, and afibrding solutions beneath. 

Thermal springs, not in volcanic countries, have been traced 
either immediately to these dislocations, or the evidence has l)eon 
such as to lead us to suppose that they may be merely covered 
over by beds, thnnigh which a sufficient passage has been 11 mud 
for the discharge of the waters risinir amon^ dislocated rocks beneath. 

G O O 

The case of the Bath springs is not improbably one ol the latter 
kind, the heated waters rising through some of those dislocations or 
faults which traverse the older rocks of the district (coal measures, 
carboniferous limestone, and old red sandstone), ct>vcred over 


Fig. V2. 



unconformably by the new red sandstone 
series and Has (as these beds are known to 
do many dislocations of such older rocks 
in that country), the waters thus finding 
their way through cracks or passages in 
the superincumbent beds. 

Connecting the heat of thermal fault 
waters with the increase of temperature (jf 
the crust of the globe inward^, as in- 
ferred from the increase ol* heat as we bore 
artesian wells, or descend in mining opera- 
tions, the temperature (.)fsueh waters would 
always be considerable, were it not that 
such temperature may be much modified by 
the conditions under which the waters 
are borne upwards and discharged. Lot 
/ in fig. 12, represent a fault traversing 
various rocks to a depth at which the water 
in it obtains high temperature. These 
waters could only be discharged at that 
temperature, if the rate of outflow were 
so considerable, and the volume of water 


so large, as to be uninfluenced by the 


9 



Ch. II.] REMOVAL OF PARTS OF ROCKS BY WATER. 19 

cooling conditions which would exist in the rocks through which 
they had to pass. Towards the surface, these rocks would take 
the temperature of the part of the world in which they may 
be situate, variable near such surface, but at a certain depth, 
according to latitude and local conditions influencing surface tem- 
perature, assuming a constant temperature unaltered by the climatal 
changes or modifications above. Between this fixed situation, 
which in fig. 12 we will for illustration assume to be at a, and that 
beneath, at g, where a very high temperature may exist, such as 
212^ Fahrenheit (the boiling point of water under a pressure of 
atmosphere equal to about 30 inches of mercury on the surface of 
the earth), the water in tlie cleft or fault, would be at intermediate 
temperatures. Some waters, supposing a ready discharge of them 
to exist laterally, might have a tendency to percolate through the 
adjacent rocks, and enter the main fissure at deptlis not far beneath 
that ol‘ the lowest constant temperature, thus assisting to cool the 
up flowing waters, independently of the decrease of temperature 
effected by that of the rocks themselves. No doubt, under tlic 
conditions supposed, the sides of tlic fissure would be lieated at 
given depths beyond that temperature which, il‘ the lieated waters 
did not rise through them, they would possess, but the discharge of 
waters, as a whole constant, and other conditions the same, there 
would be a final adjustment of the order supposed. This would be 
a state of things conducive to the entrance of many substances in 
solution into the main fissure, which might not be introduced into 
spring waters, either at all or so readily and abundantly in the first 
class of springs. The greater heat, as the rocks increase in depth, 
and th(j permeation of waters through them, at high temperatures, 
would be favomuble to the removal of silica, often perhaps, only to 
short distances, one kind of rock being modified by its gain in this 
manner, and another by its loss. Any thrown out in solution would 
be so much removed from them, to be cmployal elsewhere in the 
modifications now effecting on the surface, always assuming, for 
illustration, that the rocks traversed by the fissures furnished the 
matters held in solution by the waters flowing upwards through 
them. A supposition ^hich will require to be modified if we 
consider that some substances or portions of them may be borne up 
into the cracks which had i\t previously formed parts of solid rocks. 
Under any view, the solutions contained in these fault waters, are 
conveyed away from the mouths of tlic fissures, and so much of 
them as have been added to waters percolating downw^ards from 
the atmosphere, or in any manner through or from the adjacent 

0 2 
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rockSi has caused a loss to such rocks,* and afforded matter, capable 
of ready transport, to be employed, as circumstances may permit, 
elsewhere in the formation of solid matter, or as an addition to 
solutions in the waters of lakes and seas. 

Deep mines afford opportunities for observing the rate at which 
rain waters may percolate through the body or fissures of rocks 
downwards, and analyses of these waters so obtained, give the 
substances they have, during the time of their passage, taken up in 
solution. In mineral veins, the waters which would remain in 
them, or flow out as surplus, being in some mines pumped out to 
depths of even 1800 or 2000 feet, we no doubt have surlacc waters 
descending further than they would otherwise do in the same time, 
the check to their progress, interposed by the water disseminated 
amid the adjoining rocks, or in tlie fissure, being thus removed, 
but at the same time the evidence as to the power oi‘ the surlacc 
waters to descend in the time that may be observed, and as to tluj 
kind of solutions effected by them in that time is valuable. 

Great care is required to give due importance to local conditions 
in such investigations, such as the comparative readiness with which 
the waters may be conducted downwards by means of an unworked 
continuation of the mineral veins — having easy water communica- 
tions with the workings in the mines, the absence or relative 
abundance of great joints or other fissures in the adjoining rocks, the 
chance of any rivulet or stream passing over, when swollen by rains, 
fissures or cracks communicating with the main vein, and the like. 

In some coal districts, the beds of under-clay (as those arc often 


termed which are found supporting, or intermingled with the coal 
beds) are usually so impervious to water, that where faults or flactures 


of beds are rare, the collieries arc little troubled with water. This 


impervious character, employing the term in a general manner, ivS 
well marked in coal measure districts where, as in parts of‘ South 
Wales and Monmouthshire, the beds having a slight inclination, 
and being cut through by mountain valleys, springs of the class 
first noticed arc thrown out in lines, marking those of the coal beds; 
the waters percolating through them being stopped downwards by 
the under-clays. A system of deposits fn which such beds and 
others of tough shale occur, would present difficulties to the ready 
percolation of the water downwards. ^'At the same time, slight 


♦ Dr. Daubeny points to the very common presence of nitrogen in thermal waters 
as a proof that the water in them has been originally derived from the surface of the 
earth, that it there contained atmospheric air, and that, descending, this air was 
deprived of its oxygen by some process of combustion. 
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observation will soon show, that though water may not find its way 
in a sufficiently rapid manner in some collieries to be important, it 
is still most frequently there disseminated among the particles and 
joints of the rocks. Indeed, the manner in which water is disse- 
minated among rocks is deserving of all attention, particularly when 
we regard it as a means by which a change and modification of 
chemical composition may be effected.* 

The springs of the first class noticed as outflowing on the sides 
of hills and mountains, and on sea cliffs, are frequently productive 
of landslips, as they are often termed, the percolation of water in 
particular planes or directions so softening, or chemically removing 
the rocks, that a superincumbent weight not being held up by 
sufficient cohesion of the mass, is launched into the valleys or 
seawards as the case may be, thus producing a degradation of the 
land, throwing it into conditions fitted for more ready removal by 
rivers and the sea. Small landslips arc very common, and are well 
seen in our oolitic districts, where the intermingled clays slipping 
into the valleys bring down the more consolidated superincumbent 
beds with them. In the coal district of South Wales good examples 
of a larger kind are to be found, and in many mountainous regions 
they are sufficiently common. 

The slide or fall of the Rossberg or Ruffiberg on the 2nd Septem- 
ber, 180G, afforded a memorable instance of the destruction pro- 
duced by the percolation of water through bedded rocks in such a 
manner that, the needful cohesion of parts being destroyed, a great 
mass slid over an inclined plane of subjacent rocks. The following 
section (fig. 13) will serve to illustrate this fall, and some others 
• Fig. 1.3. 



c 


of the like kind. If in the mountain, a, water percolate through 
tlie porems strata h to ti^ clay bed c c, the surface of the latter 
would become slippery, \nd the cohesion being insufficient to 
counteract the action of gVvity, and no proper support be found 

* The simple e.xperiment of iiccumtely weighing a piece of rock immediately after 
it is struck otf in a metal mine or colliery, drying it thoroughly in a sand-bath, aiid 
then reweighmg it, will often show more moisture to have been removed than might 
have been expectetl, the result being necessarily very variable from differences in the 
porosity of the substance. 
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below, tlie mass would be launclied in the valley d. In the case 
of the Eossberg (a mountain 5196 feet above the sea), the upper 
beds were composed of conglomerates resting upon matter, which 
being partially removed by the percolation of water, and the beds 
at a high angle (about 45^), a launch of the upper beds took place, 
and a beautiful valley was covered with rocks and mud.* 

The undcrcliffs between Lyme Eegis and Axmoutli, as well as 
those on the buck of the Isle of Wight, Illustrate the destruction 
of cliffs by means of springs. The fillowing section (fig. 14) will 
show the conditions under which the underclifls are produced at 

Fig. u. 



Pinhay, near Lyme Eegis. a is gravel ; d, chalk ; e, upper green 
sand, porous substances througli which the rain waters percolate to 
the clay bed d, composed of the lower part of the gi’cen-sand beds 
c, and the upper part of the lias bed e, the upper green sands 
having over lapped the intermediate rocks observable in the south- 
east of England, and here resting upon the lias. The water being 
tlius arrested in its progress downwards, escapes where it finds the 
least resistance ; in this case towards the face of a cliff’, originally 
formed by the action of the sea on the coast. The clay is gradually 
removed; the superinemnbent green sand, chalk, and gravel lose 
their support, give way, and fall towards the sea. The I'ias e is 
not removed by the action of the coast-break(.‘rs so fast at the cliff 
as the rocks above are by the effect of tlie land springs, therefore 
tlic upper cliff retreats, leaving a mass of fragments confusedly in- 
termingled at /, whicli has a constant tendency to move sc'awards, 
both from the destruction of the lias cliff by the breakers, and 
from the water percolating through the mass and loosening its base, 
so that it gradually moves towards the shore. The chalk and green- 
sand fragments are often sufficiently large and hard to afford, by 
their overfall, protection to the lias clifl? and thus a very confused 
but instructive coast section is exposed to the observer. 

* The villages of Goldau and Busingen, the hamlet of Uuelloch, a large part of the 
village of Lowertz, the fanns of Unter- and Ober-Rothen, and many scattered houses 
in the valley, were overwhelmed by the ruin. Goldau was crushed by masses of 
rocks, and Lowertz invaded by a stream of mud. The lives lost were estimated at 
from m) to OOf). 
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SUBSTANCES MECHANICALLY SUSPENDED IN WATER. — TRANSPORT OF DE- 
TRITUS BY RIVERS. — DEPOSIT OF DETRITUS IN VALLEVS. — ACTION OF 
RIVERS ON THEIR BEDS. — REMOVAL OF LAKES BY RIVER ACTION. — 
FORMATION AND DISCHARGE OF LAKES. — LACUSTRINE DEPOSITS. 

The rain waters not a])Sorl)ed by the rocks, act mechanically on 
the surface of* the land, removing to lower levels such decomposed 
portions of the rocks as their volume and velocity can transport. 
The mixed effects of decomposition from atmospheric causes, and 
of soaking of‘tlic surface on hill sides, are often well shown in slate 
countries, a certain depth beneath the soil exhibiting the turning 
over of the edges of the slates towards the valleys ; — as it were the 
tendency of the moistened matter of the surface to slide by its 
gravity to the lower ground. 

The accompanying figure will illustrate this fact, one of much 
importance to the observer, for without attention to it he might 
commit grave errors as to the true dip of strata, when only a 

Fig. 15. 



slight depth of section may be exposed on a liill side. In the 
above figure the real dip of beds is represented as the very reverse 
of that which might be inferred from a hasty glance at the surface. 
Although it may be supposed that the diflercnce between this 
sliding down of the surface towards the lower grounds and the true 
dip was always so appauent as not to be mistaken, the depth to 
which this action has ocVasionally extended is sufficient to justify 
great caution in many distVets. 

Upon a hill side and ainmig the rills, hollows, and little plains 
which may sometimes be there found, an observer may often have 
good opportunities of studying the power of water mechanically to 
transport the decomposed portions of rock brought witliin its in- 
fluence. He will soon perceive, that not only according to the 
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spccKk* gravity, but to the Ibrni also of these portions i-. their re- 
moval etlbeteil, and that the manner of removal is of two kinds. In 
one ease they are bodily earried in meehanieal susjKaision in the 
water, while in tlie other they are swept onwards by its irK;(ioii on 
the bottom. !Small liollows will occasionally show the uuxh; in 
which the matter so mechanically suspended or pushed onwards is 
brought to rest, and well illustrate the manner in which acc iiinida- 
tions on the great scale may be and are cllected. 

If we suppose the observer placed in a granitic district where 
there is much decomposition of the felspar, such lor example, as 
much of that near St. Austle, in Cornwall, he will soon find that 
while the fine decomposed remains of the felspar readily mingle 
with the waters which a heavy fall of rain may produce, the 
particles of quartz and mica are more commonly swept along tlie 
bottom, except where, from the slopes being considerable, the water 
may have sufficient rapidity to gather them up in meehanieal 
suspension. While the volume of the particles of quartz may be 
larger, they are often more round, so that they are commonly ^ 
more readily pushed along the bottom than the grains of mica, not 
only flatter but possessing greater specific gravity.'*^ ddie mllky- 
looking water containing the decomposed felspar is borne rmwards, 
slight deposits taking place wliere an expansion of tlie bed of the 
rill or rivulet may permit coinparativoly still water, until sufficient 
quiet is found ibr the general de{K)sit, while tlie (piartz or mica 
are strewed in little ridg<,‘.s, or thrust into holes, remaining tliere 
if the fierce of the stream will permit. 

Much inl’ormatkn may be derived as to thq manner in which 
detritus is pushed forwards by rivers into bodies of still, 'or com- 
paratively still, water, by observing sand brought down by a rivulet 
into a small poid of stagnant water, where the sand ceases to be 
forced forwards, and consequently accumulates. It will be seen 
that little delta-form heaps of sand accumulate wlicre the rivulet 
enters the pool, on the fan-shaped tops of which the channels, over 
which the nujving water pushes the grains of sand, arc continually 



* The apccitic tjravity of quartz in about 2*ti3, while that of common mica iy 2*1)4, 
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of' still water, iiitcj wliich a rivulet h pushes forward sand, then 
siicli sjuid will be Ibund U) aceuinulate at c, falling down into the 
pool a, in such a manner that a truncated heap of sand is produced, 
which increases superficially, as shown by the concentric lines at c. 
If* now, atU'iitioii be directed to the manner in which the grains of 
sand have ))cen accumulated vertically, it will be found tliat they 
have been arranged as in the annexed section (fig, 17) in which a 

Fig. 17. 



represents the surface of the pool, d its bottom, b the slope of the 
rivulet pushing forward the grains of sand, and c successive coats 
of sand formed by the grains falling over into still water, such 
grains supporting themselves in the same manner as in any rubbish 
heap, from the top of which rubbish is continually thrown over. 
By diverting from their courses the small streams of water which 
run down sandy sea beaches on many coasts, very valuable infonna- 
tion may be obtained as to the manner in which grains of sand arc 
forced forward, and arranged by the pusliing action of running 
water. When brought into the deeper pools among the sands, the 
deltas produced are extremely instructive, and in such cases the 
angle formed by the layers or coatings above each other, as the 
sands accumidate, is commonly found to be about 28° or 30°. 

Having examined the mode in which decomposed portions of 
rocks, as well as those worn off by the friction of the streams, can 
be traysported by moving water on the small scale, an observer 
will more readily appreciate the transport and deposit of detritus 
on the great scale in the course of rivers, with or without the inter- 
vention of lakes, as the case may be, and its removal towards 
lower levels and the sea. The manner in wliich it is either 
taken up in mechanical suspension, or merely sliOA'ed along the 
bottoms of rivers, is precisely the same in principle as in the little 
rivulets, though the effects, from their greater magnitude, are more 
striking in the one case ^than in the other. Larger masses may be 
shoved forwards, becaus\ the volume of water may be larger, suf- 
ficient to move those onwmrds, the resistance of which the minor 
streams could not overpower, yet the cause of their removal is of 
the same kind.* 


♦The followinf^ list ot the specific gravities of some rocks m Inch we liave else- 
where given ( Jl(‘srarchi\s in Thcorvlicnl OtoUnjy^ IS,*!!), may be useful in showing tlieir 
power of removal, in fragments or pebbles, by running water, all other conditions as 
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It will soon be perceived, that wliile at one time (h trltiis 
only of a given magnitude, Ibrin, or specilic gravity can be 
either pushed onwards by, or be mechanically suspended in, the 
rivers, at another the detrius, previously at rest, is readily borne 
onwards, and effects produced wliich, without the needtul evi- 
dence, would scarcely have been considered probable Iroin (ex- 
amining those produced during the ordinary condition ol the 
same river. From tlie details given of the ell’ects ol gneil llood.s, 
as, for example, that of‘ the iloray, much valuable insiglit may 
often be obtained as to the effects which, during a long laps(' of 
time, may be produced along the line of a river course by rc'peated 
action ol* this kind. 

The minor floods, commonly known as freshets, more or less 
common in all rivers, are geologically important, not only as 
respects the greater movement outwards ol* dctrital matter at sueli 
times by the mechanical action of the water, but also as they often 
surprise terrestrial animals in low localities, and transport them 
with plants to still lower situations, or into tlie sea, in the latter 
case covering up these as well as estuary and marine animals in a 
common deposit of mud and silt. 

In some countries the freshets, or rises of river, are periodical, 
produced from periodical causes inland, as, for example, those of 

to velocity an<l volume of the vatcr, and volume and form of (he fragments or pebbles, 
being tlie same 

Calcaire grossier (Paris) . . . 2*62 Devonian sandstone, calrureous 

Chalk (Sussex) 2*411 (Ufracomhe) 2 ’77 

Upper green sand (Wilts) . . , 2*57 Silurian sandstone (Sii()>\ don) . . 2-70 

Lower green sand (Wilts) . . . 2*61 Argillaceous slate (Devon) . . . 2*77 

Portland oolite (Portland) . . . 2*5.5 (’arrara marble 2 *70 

Forest marble (Pickwall) . . . 2*72 Mica slate (Scotland) .... 2'611 

Bath oolite (Bath) 2*47 ■ <'neiss (Frey burg) 2*72 

Stoiiesdeld slate (near Stovv-on-the- ’ Domite (Buys dc Dome) * . . 2*37 

Wold) 2*66 ; Trachyte (Auvergne) , . . . 2*42 

Lias limestone (Lyme Regis) . . 2*64 i Basalt (Scotland) 2*78 

Red marl of the new red sandstone . Basalt (Auvergne) 2*88 

(Devon) 2*61 ! Basalt ((iiant/s (’aiiseway) . . 2*111 

Muschelkalk, fossiliferous (Got- j Greenstones, various (different 

tingen) 2*62 I countries) 2*611 to 2*0.5 

Coal sandstone, Pennant (Bristol) . 2*60 ’ Sienite (Dresden) 2*74 

Coal shale, with impressions of ferns 1 P orphyry ^^Saxony) 2*62 

(Newcastle) 2*50 ‘ Seriienti^j (Lizard, Cornwall) . 2*58 

Millstone grit (Bristol) . . . 2*58 Diallagy rock (Lizard, Cornwall) 3*03 

Carboniferous limestone (Bristol) . 2*75 llypersThene rock (Cock’s Tor, 

Carboniferous limestone (Belgium) 2*72 Dartmoor) .2*88 

Old red sandstone, micaceous Sienitic granite (Vosges) . . . 2*85 

(Herefordshire) 2*69 Granite, gray (Brittany) . , .2*74 

Old red sandstone (Worcestershire) 2*65 Granite (Normandy) . . , . 2*66 

Silurian sandstone (ITartz) . . . 2*64 Granite, mica, scarce (Scotland) . 2*62 

Devonian sandstone (Ilfracombe) 2*69 | Granite (llcytor, Devon) . . . 2*66 
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the Nile, and deposits arc tlicn effected which do not receive 
additions until tlio annual time of rise again comes round. From 
this state of tliiii;j.s to frequent alternations of floods and low states 
of rivers, there is every modification, so that the results of the 
deposits may be cxj)ected to be as modified as the causes of' their 
production.* 

When it is intended to ascertain the volume of water descend- 
ing a river at a given time, and the amount of matter which may 
be then held in mechanical suspension by it, in order by a fair 
average to estimate the volume of water and tlie amount of matter, 
in mechuuical suspension, borne seaward or into lakes during a 
year, or any amount of time thought desirable, much care is 
re(julred so that tlic estimate may approximate toward tlie truth. 

The section of a river presents us with waters moving with 
different velocities, and consequent transporting powers. Where 
the greatest weight of water occurs with equal velocities, there is 
the greatest pushing or forcing onwards of the bottom. If in the 
accompanying section (fig. g f g represent that of a river 

Fig. 18. 

deb a bed 
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course, tlie greatest velocity of the water would be at a ; and this 
will decrease tov^ards the sides and bottom, where the friction 
would he greatest, as may be represented by the layers of water 
b />, c 6’, (I (L 

I.et fig. 19 represent a longitudinal section of tlie layers of 
water eorresponding willi those in tlie cross section (fig. 18). 

* As we have elsewhere observed {Ceoloffual A/rnom/, 3rd Edition, 1833), there 
are few rivers more instructive tlian the Mississippi, man as yet not having eflfeoted 
many important clianges on its hanks, and we contemplate great natural operations, 
sue) I as cannot be so well observed in those which Iiave been more or less under his 
dominion for a series of ages Its course is so long, and through such various 
climates, that the freshets prodi.,’ed in one tributary arc over before they comnitmce 
in another; and hence arise thoseVrequent deposits of detritus at the mouths of the 
tributaries. Tlieso latter have tlAir waters imndcd back, and, to a certain distance, 
stagnant, by tlie rush of the floods in the great river across their embouchures, and 
in consequence a deposit is effected, which remains until a subsequent (bwd in the 
tributary removes it. fall's Travels in North America.) Captain Hall states, that 
when the Ohio is in flood it stagnates tlie waters of the Mississippi for many longues, 
and that, when the Mississippi is in fbxHl, it dams up the winters of the Ohio for 
seventy miles. 
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Then assuming that the motion of tlic particles of water in the 
layer a is sufficient to keep some of the matter mechanically sus- 
pended, and some not quite so suspended, the latter will sink 
by the action of gravity ; not, however, at once lalling to the 
bottom, but entering the second supposed layer of water, b, where 
the velocity being less, it descends in less time through it, and so 
on through the otJior layers a and d, describing a curve i n. As 
regards the amount of mechanically suspended detritus, in sucli 
a sectiiui, we should anticipate that it would be very unequally 
dispersed. 

Fig. 19. 

a 
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Considering the section, fig. 19, to be one taken through the centre 
ol‘ the stream, and that we add other longitudinal sections taken 
through the lines, p p p p p p, fig. 18, we should have two series, 
one on each side of the central section, tlic terms of which could 
rarely agree, cither in respect to the velocities of the water, the 
power of transport, or in the amount of detritus contained in 
them. So far, therefore, from it being easy to estimate the 
amount of detritus borne down in mechanical suspension, or forced 
along its bottom from friction by a river, it is a subject requiring 
very great caution and skill, even to obtain an approximate rough 
estimate of' the fact. 

When the water has been obtained f'rom which ic is intended to 
separate the matter borne down by rivers, and by a sufficient num- 
ber of trials, in different parts of the river, to estimate the ^imount 
of such matter passing a given locality, it is needful not to evapo- 
rate the water, as has (jften been done, for by this proceeding the 
matter in solution is obtained as well as that in mechanical suspen- 
sion. A measured volume of water should bo passed through a 
filter, and the weight of the matter thu§f collected should be care- 
fully ascertained. J 

Fully to appreciate the distance to 'which the various kinds of 
detritus may be borne by moving water until they be deposited, 
attention should be directed to the quantity and kind which can 
merely be pushed forward by a given velocity of such water, act- 
ing by friction on the bottom or sides against which it may pass, 
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and to the quantity and kind the same velocity may keep mecha- 
nically suspended at the same time. 

As rivers are enabled to transport in mechanical suspension, 
or sweep forward detritus on the bottom, according in a great 
measure to their velocities, and as the latter, other things being 
ecpial, increase with the slope of the river channels, duly to 
cstijnatc tlie power of a river to carry forwards to the sea or 
lakes tlie detritus thrown into the higher grounds, all the 
cliangcs ol* sLjpes should be properly appreciated. Thus, if* a h 
(fig. 20) represent the slope of a river in one place, and h c 


Fig. 20. 



the slope of the same river in another, and the amount of water be 
ueitlier increased nor diminished by tributary streams or diverging 
branches, the river will have greater velocity at a i than at h c, 
and consequently smaller pebbles and finer sand can remain at the 
bottom at b c than at a b. 

Tlie checks which a river niay sustain in its course, such as 
by lakes, patches of level land, and the like, should be duly 
noted. Without this precaution it might be, and indeed has 
been, inferred that all the pebbles found far down a river course 
had been there swept by the river in its present state. While this 
is often true, care should be taken to ascertain that the needful 
conditions present themselves. Frequently, when a river takes its 
rise among higli mountains, its onward course is, though often 
rapid, interrupted by tracts of level country, or even lakes, where 
the pebbles and heavier detritus are arrested; and yet pebbles 
derived from the rocks of the high mountains may be abundantly 
found in the river-bed further down than these obstacles, such 
pebbles having been brought to the channel in which the river 
now takes its course by previous geological conditions of the area. 
Thus, Alpine pebbles in some of the river courses of Northern 
Italy could not have been* brought from the Alps into the plains 
of Lombardy, by existing Vivers, since the Lago Maggiore, the 
Lago di Como, and others necessarily stop the progress of those 
borne from the high Alps by the torrents which now feed these 
lakes. 

By attending to the kinds of rock traversing a valley, we 
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often find gixxl opportunities affordiHl of studying tlu‘ manner 
in which detritus derived from them, may b(*eome mini’li'd by 
the action of the river waters. Ciwo must, hoW(‘ver, be t.ikmi to 
avoid considering as such those pebbles whieli may lia\e beiai 
formed by the action of breakers while the land has been ena rging 
from the sea, and which may have been at that time gatherc'd into 
the lower parts of the valleys, or those which have subscMjuently 
been brought into them from the sides of hills or mountains by the 
long-continued action of rains and minor streams of water. Let 
a b in the annexed plan (fig. 21) represent the course of a river 


Fig. Ji. 
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through a district comjiosed of marked, but didbnmt, rock.'=! c r, 
d r/, and e e, info a low country, where Its movement bei'omes 
and let the ilill of* the ri\or-bod b(‘ .'^uch as to give 
sutHcicnt velocity to a ncodfiil body of* water to push or swee^p 
forward pebbles of the size of an egg, wIutc t!u‘ fiill l()rce of tlie 
water can be directed upon them. The river Ixang capable of 
forcing forward pebbles of tills size on tlic bottom, tliosc ol' minor 
size, other things being equal, would be driven onwards, and tliere 
would finally be a size, wenght, and liirm of detritus held up in 
mechanical suspension by the movement of the water. Under 
such conditions tliere would necessarily be a deposit ol* tbe de- 
tritus pushed forward by the water, wherever suflicicnt obstacles 
produced a less velocity in the river; and, as the river varied 
in velocity according to the quantity of water in it, the 
accumulations thus formed would possess an irregular character 
somewhat as in the annexed section, one tlirough several minor 
deposits, depending ujion small .shifts in the direction and force of 
the propelling current. 


Fig. 22. 



As the river in the plan ffig. 21) is supposed capable of shoving 
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pcl)blcs onwards to tlie commencement of’ the low ground //, 
irregular accumulations of pebbles would Ixi expected at /, wlicrc 
the force (jf tln^ river could no longer drive them forwards. It 
would not, however, be anticipated that the finer silt or mud 
could be ther(‘ accumulated, except in very minor quantities 
in still places ; since the power to keep such detrital matter 
mechanically suspended would be gradually lost by the river. 
Indeed the time required for the settlement of the finer parts, 
might be such that the whole body of water could continue to 
move through the lowlands in a turbid and discoloured condition, 
slowly parting with such detrital matter disseminated through it. 

It would be expected under the conditions noticed, that ac- 
cumulations would take place along the line of the river course ; 
and that, unless these deposits were cut up by flo(jds and so carried 
further onwards, tlic river-bed would be raised. The power of a 
river to keep its channel clear, and even to work it deeper, is com- 
monly obvious where the river runs with rapidity ; but it is not 
always so obvious, without careful investigation, that its bed has 
been raised, more particularly by the pebbles and sands shoved 
forward at the bottom. 

In i^aiiy plains, modified by rivers, the shoving forward of 
detritus is sliown by the mode of its accumulation. Other accumu- 
lations so thin and wide spread as obviously to have been deposited 
from mcchani(*al suspension arc often, however, intermixed, so that 
both modes of deposit have contributed to the I’ormation of these 
plains. Although we might feel certain that the beds of rivers 
must sliift in great plains as such beds get raised, the waters taking 
the course of the lower levels, when such arc presented, yet it is 
interesting to (observe in some countries, — in Italy for example, — 
where artificial embankments have been formed to keep rivers 
flowing tliroiigli fertile plains in their eliannels, that the beds of 
rivers become thus raised above the plains; and that roads rise up 
these banks on citlicr side from the latter. In the little plain of 
Nice, the river ridges, formed by this cause, arc striking, a loose 
conglomerate behind furnisliing an abundance of pebbles to the 
river-bed. The following section (fig. 23) will serve to illustrate 

Fig. 23. 
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this fact, a b being the level of the country, in cultivation for many 
centuries, upon which artificial banks have been gradually raised 
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to c rf, to protect the cultivated lands IVoin invasion by thedt tritiis 
forced forward by the river c. Thus the detritus which would 
have naturally escaped upon the plain has been raised artilieially 
from/ to e, notwitlistanding the somewhat general plan of throw- 
ing the detritus thus accumulated over the sides upon the protecting 
banks c d, thus deepening the channel when the waters in the 
river may be sufficiently low for the purpose. The Po presents on 
the larger scale a well-known example of the rise of its bed, so that 
it is higher than the houses in Ferrara, and the like may always be 
expected under similar conditions. 

A river may so raise its bed as for some time not to (ind a new 
main channel amid the adjoining plain, its turbid waters wlien in 
iloixl escaping over the banks without actually causing a breach, as 
is shown in the annexed section (hg. 24), where h represent.s a 

Fig. 24. 



river which has so raised its bed that there arc tracts of country on 
cither side at a slightly lower level. In Hoods siicli a river, spread- 
ing over the adjacent land, would leave all the detritus mechanic- 
ally suspended in its waters, a a, and whicli did not retire with 
the water until its level was that of the banks of the river, upon 
the ground beneath up to the rising slopes d d, tlius evmilually 
filling up the depressions. The more common action of a Hood is 
as represented in the section beneath (lig. 25), where a river (i) 


Fig. 25. 



not raising its bed (the flood waters merely removing mud from 
the bottom, the only sediment there collected), the overflow of* 
turbid water (a a) returns to the river bed, depositing only such 
matter in mechanical suspension as the time of repose may have 
permitted. In these ways much sedimentary matter is distributed 
over plains during floods. 

The matter pushed forward by rivers, or held in mechanical 
suspension in their waters, has hitherto been regarded only with 
reference to the removal of that arising from the decomposition of 
rocks by atmospheric influences. We have now to consider the 
erosion of clays, sands, and gravels, and of hard rocks by means 
of the rivers themselves. 
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In many a riv<;r course it may readily be observed, that in- 
colicrent sands and gravels are cut into by tlie mere friction of 
the water, even when clear. That such a moving body should so 
act would be cx|)ected, and no doubt we should also anticipate that 
amid incoherent, or easily-removed substances, any modification in 
the course of a river would speedily produce change in other parts ; 
but it is, nevertheless, extremely interesting to experiment on the 
course of streamlets passing among sands : as, for instance, on some 
extended shores at low tides, and trace the effects of even slight 
alterations in the stream courses. The cutting into one bank 
tlirows the water upon another, not previously worn away, and 
tlio whole bed of the stream gets modified. Such experiments tend 
to make us more readily appreciate those modifications of rivers, 
from the actual cutting powers of their waters, which are seen on 
the great scale in some parts of the world. They also show the 
distances to which the fall of a cliff’, the filling up of a cavity, by 
wliich, as forming a lake, the force of a fl(xxl may have been 
previously stayed in its full course, and other c»bvious circum- 
stances have produced modification and change. 

There are few persons who have not noticed the manner in 
which rivers are disposed to take serpentine courses in level coun- 
tries, a fact as easily observed amid the meadows of the flat portions 
of many valleys, of very limited dimensions, as among the vast 
bends of the Mississippi, or any other of the great rivers flowing 
under similar conditions. The rivers, by their friction, cut into 
the ground presented to their course, and by working away the 
earth, clay, sands^. or gravel, of bend against bend, modify their 
channels. The waters necessarily cut away such banks at the 
bottom of each bend. Hence, if two bends be opposite to each 
other, as those in the next sketch (fig. 2fi), are at a, A, and r, tJie 
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river will tend, by continued erosion, to approximate them to each 
other, so that they finally meet, and the river course becomes 
shortened by the amount of’ the bends previously passed over. 

Although some effects must follow the action of clear water 
upon bodies, the parts of which have not sufficient cohesion to resist 
removal, it is by the assistance of matter either mcclianloally 
suspended in, or forced onward by the water, that rivers most 

1 ) 
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readily cut into their channels and erode their banks. By this 
assistance they wear even into hard rocks, removing the obstacles 
impeding their courses, and which prevent the ibrmation of a 
convenient general slope. As among tlic simplest forms in wliicli 
water acts by aid of mineral matter nj»n racks, we may take the 
vertical holes drilk*<l in oven >ome of the hardest by means of 
pebbles so situated, that a rotatory action is given them, eaoli in 
one place, by moving water. These are well known in many 
situations, where bai*s of rock stretch across river bods, and falls of 
water are thus produced. A pebble borne down by floods gets so 
established in an eddy that it remains there, and by constant 
friction, works a vertical hole downwards, sometimes to the deptli 
of several feet. In some situations, where the obstacle lias been 
much lowered by the erosive action of a stream, sections of the 
annexed kind may lie seen. In rare instances the pebble, as at a 
(fig, 27 ), may still be seen, the section having been such as not to 

Fig. 27. 
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have allowed it to fall out. In some situations this drilling int«) 
bars of rocks must have tended considerably ^to their ultimate 
removal. 

It is, however, wlien a river is in flood, large pebbles grinding 
and driving against rocks which may be exposed to the fiiry of 
the torrent, and minor detritus, cither hurried onwards on the 
bottom, or in mechanical suspension, grating against and rasping, 
as it were, such obstacles, that the erosive power is most c^Fccti^'e, 
Huge blocks arc forced onwards, leaving the furrows whicli liavi^ 
marked their course to attest that course in some situations, while 
the finer friction of small pebbles and sand produces a smooth 
surface in others. 

When endeavouring to ascertain the abrasion wlilcli may be due 
to rivers, the amount of decomposition which any rocks in their 
course may have sufFered, prior to the supposed abrading action, 
should be carefully estimated, so that too much importance should 
not be given to such action. It being known that the decom- 
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position of many rocjks is greatly assisted by such rocks being kept 
alternately in a wet and dry condition, the observer should notice 
if tlie water in any river course he may study, rises and falls, and 
in a manner sufficient to have an appreciable influence on the 
rocks washed by it. 

Much care is required when we seek to refer the formation of a 
ravine through which a river may find its way to the cutting 
power of tlie river itself There is no want of evidence that even 
minor streams, more particularly when swollen by rains, cut 
channels for themselves in various directions. In many a mountain 
region this is a fact of common occurrence. A little study will 
show the observer that some ravines arc cut back very readily wlien, 
as beneath (fig. 28 ), beds, liorizontal, or not far removed from tliat 

Fig. 28 . 



position, and composed of comparatively liard rocks, such as s;md- 
stoncs, arc based upon softer substances, such as clays or shales. 
From the combined action of atmospheric influences, and of tlu* 
falling water, with sometimes also the aid of water percolating 
between the liard and soft rocks, the lower beds give way, and 
being composed of easily-comminuted substances, are soon removed 
in mechanical suspension by the torrent, while the hard rocks, 
losing their support, arc precipitated to the base of the fall. This 
mcxle of cutting back a channel, with vertical or nearly vertical 
walls in tlie first instance, however they may be afterwards modified 
by subsequent falls, or erosion by small streams, may be as well 
seen in hundreds of little brooks, whore the needful conditions of 
hard and soft and nearly Iv'ndzontal strata are to be found, as in the 
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valley of the Niagara, where the produetion of a ravine of* tins kind 
is exhibited on so large a scale. 

If a barrier, such as a lava current, be suddenly tlirown across 
a valley, the waters behind it, upwards, arc necessarily sustaliu‘(l 
to the height of the lowest part of tlic new obstacle opposed tn 
their further progress downwards. Should a section be presioiti'd 
to the attention of an observer, such as tliat beneatli (fig. ‘J‘M, 

Fig. 2‘). 



where a lava current, a, crosses a pre-existing valley in granite, 
bhy d e being a ravine, with c a river running through it, he 
should see if the stream of lava, a, has been actually cut through, 
or if it has never completely filled the valley, so that a space may 
have been left between the high part of the lava, e, and the bank 
of granite rf, through which the waters readily fl)un(l their way, 
the modifying action of the atmosphere and tlie river giving the 
fallacious appearance of a ravine wholly cut by the latter. 

The observ’er will have carefully to distinguish between ravines 
which the rivers may have cut and those wliich arc mere cracks or 
rents through which tlic drainage waters of any district may happeu 
to find their way. Thcrcf(>rc he must carefully search f<>r cvidmcc; 
sufficient to pr<jvc that the ravine may belong to etther tlic one or the 
other of these classes. Let A and B (fig. 30) represent sections of 


Fig. 30. 

A B 
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two ravines. In general appearance they might correspond ; and 
even supposing a crack or rent, it may have been such as so slightly 
to move the opposite masses of rock as to be inappreciable. The 
geologist should endeavour to trace some bed of rock, such as a, 
unbroken from one side to the other, across the course of the river. 
Should he discover such a bed thus fairly connecting the sides ol‘ 
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the ravine together (no twist in the crack or rent presenting a 
liillu clous appearance of an unbroken bed), the ravine rnay still not 
be due to the cutting action of the river itself, for it may have 
been a channel of communication from one body of water to 
another at a time when the land may have been sufficiently sub- 
merged for th(j purpose. Hence fair evidence would still be 
rc(]uircd to show that the river really cut the channel. 

Jf' the observer should be unable to trace the rocks unbroken 
across the ravine, the evidence would remain unceiiain, for under 
the supposition tliat the sides so correspond as to render a disloca- 
tion doubtful, blocks of* rock, pebbles, and sand, may as well cover 
a crack, sucli as c in B, as a continuous mass of rock. Should, 
however, the beds on either side of the ravine, if prolonged, not 
meet, that is, if, as in the following section (fig. 31), a horizontal 


Fig. 31. 



and marked bed «, be higher on one side than on the other, he will 
see that the line of ravine corresponds with a line of dislocation 
where this want of correspondence of sides is apparent, and by 
further search he should ascertain if this dislocation can be traced 
in tlic same line. Should tliis be so, it still remains to be ascer- 
taincckif the river has really done more than modify the effects of 
an action, along the line of dislocation, by which the ravine may 
liave been originally worked out. If, instead of horizontal, we 
find vertical beds of rock, as in tlic annexed map-sketch (fig. 32), 

Fig. 32. 

4 3 2 1 



4 3 2 1 


in whi'di a h represents the course of a river through a ravine, and 
that a marked series of beds, 1, 2, 3, and 4, do not correspond if 
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prolonged across the river, then also it would be evident that the 
latter flowed in a line of a dislocation. 

Should the rise of the river-bed be such that a scries of falls 
be found at the higher part of the ravine, so that eventually 
the level of the river-bed be equal to its most elevated portion, 
it will be evident that no strait with water, in the manner of a sea 
channel, was the cause of the excavation, since by submerging the 
land, the ravine would merely form an arm of the sea, and be liable 
to be filled up by the detritus borne by the river from higher levels 
into it. 

Upon tracing up lines of valley for the purpose of studying any 
modifications they may have sustained from the action of rivers 
and other running waters upon them, it will often be seen, par- 
ticularly in mountainous regions, that level spaces present them- 
selves, having the appearance of lake bottoms, the river meandering 
through these plains, and not unfrequcntly finding its way to 
lower levels through gorges or ravines of various magnitudes. 1 1 
is generally supposed that by lowering the level of the lake outlet, 
the barrier ponding back tlie water has been removed suificiently 
lor its passage under ordinary circumstances onwards, it being 
merely during very heavy floods, that any water is sprcfW-1 over 
these plains. On tlie small as well as the large scale, this ex- 
planation would often appear probable. 11^ as in the Ibllowing 
section (fig. 33), supposed to represent three lakes, a, />, and c, on 
the line of a mountain valley, the erosive action ol‘ the river could 
lower the harriers d, e, and J\ the cavities a, and c, would cciuse 


Fig. 33. 



to be filled by water, and we should have plains in their stead, the 
old bottoms of the lakes, with the river meandering through them, 
and rushing through gorges or ravines at d, c, and /, 

With respect to the effects produced by the cutting back of* 
ravines to such bodies of water, once supposed capable of* causing 
overwhelming floods, at lower levels, it should be observed that 
the depth of water at lake outlets is generally inconsiderable, so 
that the letting out and lowering of the lake waters would be 
gradual. To Illustrate this, let the subjoined section (fig. 34) re- 
present the case of a river cutting back its channel, in the manner 
of the Niagara (assuming that conditions were favourable for so 
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towards Lake Eric, so that tho latter Ixjcamc drained by the 
of)(‘ration. Jjct h e reprc'sent the slope, cxagg(*rated, of the lake 
bed 1‘rom A, where tlic surplus waters arc delivered over the barrier 
ground, and f o the level of the river below the falls cutting back 
the elianncl. Supposing//' to represent the place of the falls, at 


S 


Fig. 34. 




o /' V hf 

any given time, it is clear, the same effects continuing, that they 
may be further cut back g ^ and even to h h\ without diminish- 
ing the quantity of water in the lake. Once, however, at A h\ 
every succeeding cutting will occasion more water to pass over 
them, by draining the waters of the lake to the level of the top of 
the new falls, so that when these have retreated to i i\ the surface 
()£ the lake will sink to i {?, and the mass of water, over the whole 
lake, and above the new level, will have passed over the falls in 
addition to the ordinary drainage discharge. This addition would 
add to the velocity and cutting power of the falls, which would be 
expected, all other conditions being the same, to retreat more 
rapidly to k k!, reducing the general level of the lake to A c? in less 
time than it reduced it from hb Xoi c. In like manner, the level 
of the lake would be reduced to n e, which we may assume, for 
illustration, as its greatest depth ; but every succeeding retreat of 
the falls lowering the general level so that the lake presented a 
minor area, the lake waters discharged would gradually become less 
until, finally, nothing more than the river would meander through 
the drained bottom of the lake. In considering the mode in which 
a lake* may be drained by the cutting back of the outlet river 
channel, it should not be forgotten that, when large, the average 
loss from evaporation becomes less as the surface is diminished, so 
that the supply by the tributary rivers and streams is not much 
diminished by this cause, and more water finds its way through the 
outlet to the lower levels. 

In volcanic regions we may expect a modification in the drainage 
of valleys by the flow of lava currents across them, and lakes may 
be formed in Alpine regions by the fall of masses of mountain into 
narrow valleys. From the former cause many permanent altoratiojis 
in the drainage may be effected, the dammed-up waters finding a 
new outlet, more particularly amid accumulations of aslies and 
cindcis In the case of a Lava current traversing a valley, the 
deepest part of a lake thus formed might be at the lower part, as in 
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tlie iimioxed section ((ig. of)), where the previous slope of ii liver- 
lx*d has been interrupti‘(l hv the How ol‘ a lava current b acn >ss a 

Fig. 35. 



valley, so that the river waters are ponded back, and form a lake 
at a. Supposing that a lava current fairly stopped the river course, 
even rising somewhat on the opposite side of such a valley, and 
thus preventing the conditions noticed above (p. 36), such a barrier 
might long remain, the stoppage of the river waters preventing any 
kind of detritus, which previously had been forced onwards along 
the bottom, 1‘roin further progress, at the same time causing much 
of the mechanically suspended matter to fall. Both conditions 
would be favourable to the filling up of the lake, such deposits 
again to be cut tlirough, should the barrier ol‘ the lava current be 
eventually removed. And it is to be observed that the cutting 
away of the barrier would be more ea.‘<ily ellected whim tlie lake 
was filled up, and gi-avol and sand could be brought to scour and 
wear away the channel of tlie nipids or waterfalls from b to t*. 

A\ hen mountain masses have fallen across narrow valh'ys, as thi.*y 
are known to have done, and have ponded buck tlie waters, it may 
readily happen that debacles may be f<>rm(*d, producing very gix*at 
effects at lower levels, and causing the removal of masses of rock 
under such conditions, which the ordinary condition of the waters 
in tlie valley, with every regiird to IIxkIs, would appear to render 
improbable. The observer may learn to appreciate tlie efleets of 
such falls by throwing a dam of lix>se sand and gravel across any 
small stream, so that the waters be ponded back. At first the re- 
moval of the barrier will be slight, but after a time the waters rush 
out, sweeping a part of the dam liefore them, and removing, in their 
course downwards, stones and blocks which their vegetable coatings 
show have for years well resisted all ordinary floods. 

Sometimes also in mountain regions, a cross valley may, from a 
thunder storm falling upon the area which it drains, thrust forward 
such a mass of rubbish across a main channel tis to pond back its 
waters, which finally clearing away the barrier tlius formed, rush 
suddenly onwards to lower levels. At other times the efleets of a 



Cn. III.) 


DKIUCLK OF TIIK VAL UE BAONES. 


41 


tributary, (Icliveriiif^ itsell* at riglit angles, or nearly to the 
umin river, an* more gradual; and in parts of a chief valley, 
where tlu.* (all of the latter is not so considerable as to pnxluce a 
rapid current, more permanent changes arc produced. The annexed 
sketch represents one of those cases, not uncommon in some regioas, 

Fig. 36. 



where a tributary comes through a lateral gorge, high above the 
main valley, thrusting forward the detritus borne along it, so as to 
form a sort of half cone. The increase of such a mass will modify 
the line of the main river, if the latter be unable to remove the 
detritus thus borne across its course. In favourable situations, 
such as in some parts of the Alps, cottages and cultivation will be 
seen on those parts of the mound where the more or less divided 
streams of the tributary do not rush furiously onwards to lower 
levels. 

Among the causes of debacle and change in drainage depressions, 
we should not omit the consideration of glaciers falling across vallevs 
from adjacent lieights, since the gi'cat debacle down the valley of the 
lihone in 1818, is still fresh in the memory of many who witnessed 
its transporting power, and who would scarcely otherwise liave 
been disposed to credit the effects produced. After successive falls 
from tlie glacier of Getroz, during several years, into a narrow part 
of the Val dc Bagnes, in the Vallais, the accumulation finally be- 
came such that the waters of the Dranse, which previously found 
their way amid the fallen blocks of ice, were ponded back. A lake 
was thus formed about half a league in length, and it was estimated 
to contain 800,000,000 cubic feet of water. By driving a gallery 
at a lower level in the icy barrier, this quantity was supposed to be 
reduced to 580,000,000 cubic feet, a mass of water which, effecting 
a passage between the ice and the rock on one side, was let ofl’ in 
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about half-an-hour down the Val de l^ugncs into the valley of’ the 
Rhone, and thus into the lake of Geneva, wlierc Ibrtunately, by 
the spread of the waters, their destructive force was lost. Huge 
blocks of rock were moved by this debacle, and a great mass 
matter swept away to lower levels. 

Mention has been already made of the deposits effected in the still 
portions of stream courses, and of the inclined angle which the 
layers of sand and gravel take, after being forced along the bottom 
of the stream bed, and thrown over little delta protrusions into the 
pools of water. The mode *of detrital deposit to be observeii in 
lakes is the same as in little pools, the difference is chiefly in the 
magnitude of the accumulations. The little pools differ principally 
from lakes from being liable to be swept by floods, and the de- 
posited detritus to be thus once more lifted and borne onwards, 
which does not happen in lakes of fliir magnitude. Moreover, 
discoloured flood waters spread over the pools, and not over pieces 
of water deserving the name of lakes. Lakes necessarily vary 
much as to the repose of* their waters according to their depths. 
In the deeper parts of such a body of f resh water as that of tlie lake 
of Genera,* there is no cause for movement from altered tempera- 
ture of the water, for experiments would appear to sliow tliat this 
temperature always remains the same at the great depths, that of 
the greatest density of fresh water being found at all seasons of the 
year. In such situations also waves raised by winds on the surface 
are not felt, and whatever chemical or mechanical accumulations 
there take place would remain undisturbed, so long as the present 
conditions are continued. 

In the shallow parts of the same lake, and necessarily also in 
shallow lakes generally, the waves (sooner raised in fresTi water 
lakes than in the sea by the same force of wind, because the fluid 
put into motion is of less density) stir up the finer mud and silt, 
while the breakers act upon the shore, and for the time keep 
heavier matter in motion and mechanical suspension. As, there- 
fore, the deep cavities holding lakes become filled up, there may be 
an irregularity in part of the accumulations of the higher portions 
not observable beneath. 

If* attention be directed to the mode in which detrital matter is 
protruded into great lakes, such as those of North America, Switzer- 

* In a scries of soundings of the lake of Genova, made in 181'), and chicHy uiulcr- 
taken for the purpose of seeing how far the temperature of the water in it cor- 
responded with that assigned to the greatest density of fresh water, an account of 
which was published, with a chart, in the * Bibliothcque U nivcrscllc,’ for 1810, we 
found the greatest depth of the lake to be 164 fathoms, or 984 feet, opposite Evian. 
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hind, orNortlu rn Italy, it will rarely happen that the contributing 
stioains or rlvors are not found to pour in detritus of various kinds 
and In dKfereni ways. Let us consider that the accompanying plan 
((ig. d7) rejirescnts that of a lake dividal into two unequal portions, 
and that it is supplied with water, in addition to the rain which may 
fall upon it, by the rivers e, d and e ; that c is a chief river, draining 
a large district, and rf and s two torrents, descending occasionally 
from adjacent mountain heights with great force, while, at other 
times, they contain little water. 

Fig. 37. 
d 



Let us further suppose that the waters of the river, c, are gene- 
rally turbid, like those of the glacier rivers of the Alps, and that 
they vary in quantity at different times, so that the river both 
forces forward and holds mechanically in suspension variable 
amounts of matter. From such conditions as these we may assume 
that, though variable, the accumulations, brought down into the 
lake by the river c, would still be more uniformly spread than 
tliose resulting from the sudden rushes of water down the torrents 
e and d, the stones or pebbles, borne forwards by the latter, being 
larger than the detritus forced onwards by the main feeding 
river c. 

In order to appreciate the difference of accumulation arising 
from these condition.s, it may be desirable to assume that the depth 
ol' the lake is uniform, or nearly so, tliroiighout, though of course 
the original form of the lake basin would influence the products, 
Tlie river c would accumulate the detritus it can force along its 
channel, in the manner previously noticed, while at the same time 
it would discharge a body of turbid water into the still waters of 
tl\e lake. The force of the former is checked by the latter ; and 
tlic turbid water, being heavier than that of fresh- water lakes, 
would sink in clouds toward the bottom, as may be seen where the 
Rhone enters the lake of Geneva, and in various other similar 
situations. The velocity with which the turbid water would enter 
the lake would carry it to various proportionate distances, until its 
motion became finally checked. It is, however, interesting to 
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observe that, from the diflbrenee in speeiiic gravities, wlieu lurhid 
waters fall to the bottom, tliese steal quietly upon that bottom for 
considerabe distances, it being long beibre tliey part with the line 
matter which tliey hold in mechanical suspension. The fine matter 
brought down by the Rhone is found in mud beneath the still deep 
watei*s of the lake of Geneva, many miles beyond the discharge of 
the turbid waters of the river into that lake.* 

Assuming the depth of the lake to have been such that t iirbid 
could so creep beneath the clear waters as to form a deposit olTmid 
or clay, we should have the bottom of the minor division the 
lake coated with this finely-comminuted matter, while a delta-like 
protrusion of the sand and pebbles was Ibrmed over it. Supposing 
the commencement of such aceuimilations to be in a rock cavity, 
the basin of the lake, we should expect them to take somewliut of 
the form seen in the following section (fig. 38), where a represents 


Fig. 38. 



the first gravel and sand deposits, forced over at c, b mud, gradually 
accumulated over the rock basin, d the advance of the delta over 
the mud, and g the surface of the lake beyond the delta. Under 
such conditions we should have irregular beds of sand and gravel, 
with occasional patches of clay, the result of deposits in local stag- 
nant places, based upon a clay which here and there, in its upper 
portion, might contain sand or sandy clay, the effects of floods 
carrying such matter in mechanical suspension beyond the delta 
into deeper water, and there depositing it upon the mud. 

Still referring to the plan, fig, 37, we should expect the accumu- 
lations at the junction of the torrents, d and e, with the lake, to be 
much modified in character. To render the case more illustrative, 
we may consider that, from the nature of the rocks traversed by the 
respective ton*ents, little else than fragments of hard substances are 
shoved foi^vard by d, while much earthy matter and soft rocks, 
easily comminufed by friction, are mingled with the harder frag- 
ments thrust into the lake by e. If a small amount of earthy matter 
be carried forward by rf, the accumulation where the torrent enters 
the lake would form little else than a protruding mass of fragments, 

* If a long trough be filled with clean water, and turbid water be very quietly 
iwured into it at one end, the mode in which the latter finds its way beneath the 
former will be at once seen. 
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composed of* bods different in position, but dipping ut angles vary- 
ing probably liom 20"^ to 30^ uroun<l the general curve of the pro- 
trusion ; while* such lincly-comminutcd matter as was held in 
mc(;lianieal suspension would descend to the bottom, and steal 
along bemeath, ius previously mentioned, adding to the mud derived 
from the chid* streams. The accumulations formed at i by the 
torrent c, would be of a mixed character between those produced 
by cand d, "J'licse causes continuing, the lake would be eventually 
filled up by clays, sands, and gravels brought into it by the rivers 
and torrents, the surf'acc waves acting upon much of the higlier 
acciimulations its tlic general depth decreased. Finally, the out- 
falling river f, (dear as tliat of the Rhone, where it quits the lake 
of* Geneva, while the lake lasted, would Ixj joined to the river c ; 
r/and c, as two tributiiry streams adding their waters to it, and 
the wIujIc would traverse a plain, much as represented beneath 
(fig. 39), muddy sediment being added to the surface of the plain 
from time to time by floods, and the torrents still thrusting forward 
f ragments of rock and pebbles where they joined it. 


Fig. 39. 



Greal^modificatifins of the mcclianical accumulations here noticed 
will readily present themselves to the attention of an observer ; 
aud, if he will combine some of them with the chemical deposits 
previously noticed, and add the harder parts of the animals which 
have either lived in, or been drifted into, the lakes, as also the 
leaves of trees and other plants, and the branches and trunks of 
trees which may eventually fall to the bottom after having been 
borne onwards sometimes quietly, at others confusedly and rapidly, 
he may better appreciate the still greater modifications to which 
lacustrine accumulations may be subject. 



CHAPTER IV. 

ACTION" OF THE SEA ON COASTS. — ^DIFFERENCE IN TIDAL AND TIDELESS 

SEAS. — DNEQUAL ABRASION OF COASTS. — SHINGLE BEACHES, — CIIKSIL 

BANK. — COAST SAND-HILLS. 

Before we consider tlie accumulations effected in the sea, it is 
desirable to call attention to the actiem of tlie sea on coasts, since 
that action often contributes, in no small degree, to the matter of 
which such deposits are f>rmed. 

The sound prcxJuced by the grating and grinding of the pebbles 
of a shingle beach, even when the breakers on shore are c<»mpa- 
ratively unimportant, can scarcely have eseajHxl the attentii^n <»!’ 
those wdio have, even for a short time, visited coasts wdieix; such 
beaches, and they are common, are to be Ibund. It will s<H)n lx* 
apparent, that this friction, if continued for ages, must not only 
wear down the pebbles to sand, but grind away and smootli (fffeven 
the hard rocks cxpf)sed to such powerful action. It is, liowever, 
when the observer secs the huge masses of rock^ moved by breakers 
arising from a heavy gale of wind, blowing (Ui shore from over a 
wide spread of open sea, or from the long lines of wave known as a 
ground stvelh tliat he not only learns to value the force of tlie water 
taken by itself, thus projected against a coast, but also the additional 
power it possesses of abrading the cliffs whicli may be opposed to 
the breakers by the size and abundance of the shingles tlicy can 
then hold in mechanical suspension. 

Properly to appreciate the power of breakers, a gerJogist sliould 
be present on an exposed ocean coast, such as that of Western 
Ireland, the Land’s End (Cornwall), or among the Western Islands 
of Scotland, during a heavy and long- continued gale of wind from 
the westward, and mark tlie effects of the great Atlantic waves as 
they break and crash upon the shore. He will generally find in 
such situations that, though the rocks are scooped and hollowed 
into the most fantastic forms, they are still hard rocks ; for no others 
could long resist the breakers, which, with little intermission, act 
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upon tliein. N(jt only blocks of rock resting on tlu3 shore are 
driven Ibrward by tlie repeated blows of such breakers, but those; 
also liritily boiled down on piers are often thrown off and driven 
aside in far m(»rc sheltered situations. The history of many a pier 
harbour is that of the destructive power of breakers, and those who 
have witnessed a breach made in such a harbour during a heavy 
gale of wind, are not likely to remain imimpressed with the im- 
portance of breakers in the removal of land.^ 

Slight attention to the manner in which vraves break on a coast 
will soon show that, upon the prevalent winds and the proportion 
of those which force the greatest waves, or seas, as they are generally 
termed, on shore, will depend, other things being equal, the greatest 
amount of destructive action. Thus, on a coast on which western 
winds prevail, and there is sufficient extent of open sea before it, 
we should expect to discover the greatest loss of land, the force of 
the breakers being there the greatest and most incessant. As a 
whole, the coasts of the British Islands are exposed to the heaviest 
and most incessant breakers from winds ranging from tlie N.W. to 
the S.W., and but slight acquaintance with our coasts will soon 
satisfy the geologist, that if the other coasts of our islands were 
exposed to an equal amount of abrading force, a large portion of 
them would soon be cut away at a far more rapid rate than at 
present. 

With regard to the force of breakers on the coasts of the British 
Islands, Mr. Stevenson has found by experiments at the Bell Rock 
and Skerry vore lighthouses, f that while the force of the breakers on 
the sidctof the German Ocean may be taken at about a t^m and a 
half upon every square foot of surface exposed to them the Atlantic 
breakers fall with about double that weight, (U' three tons to tlm 
square foot. Thus a surface of only two sejuare yards would sustain a 
blow from a heavy Atlantic breaker equal to about fifty-four tons. 

'faking an equal amount of prevalent winds and of open sea over 
which they may range, it will soon be observable that the abrasion 


* During a heavy gale in November, 1821, and also in another at the commence- 
ment of 1829, blocks of limestone and granite, from two to five tons in weight, were 
washed about at the breakwater, Plymouth, like pebbles. About 3(X) tons of such 
blocks were borne a distance of 2(X) feet, and up the inclined plane of the breakwater. 
They were thrown over it, and scattered in various directions. In one place a block 
of limestone, seven tons in weight, was washed a distance of 1.50 feet. We have seen 
blocks of two or three tons, torn away by a single blow of a breaker and hurled 
over into a harbour, and one of one and a half or two tons, strongly treiiailed down 
upon a jetty, torn away and tossed upwards by the force of another. 

t Proceedings of the British Association for the Advancement of Science, 'din- 
burgh, 1850. 
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of ro(iks, of equal hardness and similar position, is modified according 
as the adjoining seas are tidal or tideless. In the latter case, though 
no doubt the pressure of the wind upon water raises it to levels 
above those which it commonly occupies, the difference is not so 
considerable as to bring any large faces of cliff exposed to the action 
of’ the breakera A beach, moreover, piled in front of a cliff’ is, in 
such seas, as rarely passed and the cliff attacked. In tidal seas, on 
the contrary, many feet are vertically exposed to the fury of the 
breakers as the tide rises and falls ; and beaches piled up in mo- 
derate weather are, in fitting situations, removed by the return 
action of the breakers, so that the cliffs are again open to abrasion. 
Moreover, the rocks are exposed to greater decomposition from 
being alternately wet and dry, a consideration of some importance 
in many climates, particularly in those where the temperature falls 
below the freezing point of water during certain seasons of the year. 
It should not, nevertheless, be forgotten that coasts, where breakers 
reach the cliffs at high water, arc frequently protected by beaches 
at low water ; and that, therefore, they are moved from tlie abrading 
power of the waves during all the time tliat they fall on tlie pro- 
tecting beaches — a time which changes witli the varying state of 
the tides and of the weather generally. 

Attention will not long have been given to the abrading action 
of breakers on coasts before it will be seen that there arc many 
circumstances modifying the effects which would be otherwise pro- 
duced. It will be observed that the wearing away of coasts is, 
among the softer rocks more especially, often mucli accelerated by 
land-springs, which, as it were, shove portions dl’the cliffs into tlie 
power of the breakers by so moistening particular beds or portions 
of them, that much of the cliff loses its cohesion, and is launched 
seaward. The loss thus sustained in some coasts is very con- 
siderable. 

Fig. 40. 
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So far from being thus brouglit by, so to speak, inland influences 
within tlie rcacli of the sea, in other situations we find the higher 
parts ol‘ cliffs pr{)trudlng over the sea beneath, as in the previous 
sketch (fig. 40), when we suppose the parts of the rock to be so co- 
herent that the breakers have been enabled to excavate the lower 
. part of tlic cliff in tlic manner here represented. The same action 
continuing, a time must come when the weight of the overhanging 
portion will outbalance the cohesion of the rock, and the mass above 
will fall. Breakwater, as it then becomes to a part of tlie cliff, 
much will depend as to tlie length of time it may so act, according 
to the manner in which it has fallen, particularly if stratified. If 
composed of beds of rock, and the .slope of the.se beds face tlie sea, a.s 
in the following sketch (fig. 41), the breakers will have lc.ss power 


Fig. 41. 



to act upon them, than if the edges of the strata wore presented to 
the sea, as represented beneath (fig. 42), in wdiich position they 
ofler the least rosi^ance to the destructive action of the sea. 



It will be sometimes found, that a hard rock constitutes the high 
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part of a cliff, while the lower portion is composed of a softer 
substance, such as a clay or marl, and that masses of the harder 
rock falling from above afford protection, for a time, to the lower 
part of the cliff. Thus, let a in the annexed section (fig. 43) rc- 


» Fig. 43. 



present the upper portion of a cliff formed of hard beds of rock, such 
as sandstone, while 5 is a marl or clay, then the action of the sea, 
di upon the cliff would undermine it, and cause the fall of masses 
of the hard rock, c, which, accumulating at its base, would tend 
to protect it according to the quantity of fallen rock, the size of the 
masses, and their hardness. It will be found that cliffs composed 
as a whole of somewhat soft rocks, and clays, marls, or sliglitly 
indurated sandstones, arc often protected at their bases by an accu- 
mulation of indurated portions of these rocks. Thus let the 
accompanying section (fig. 44) represent a clay in which there are 

Fig. 44. 



h 


nodules of argillaceous limestones, as a a (and those of septaria in 
clays are often large), which, when washed out by removal of the 
clay, accumulate on the beach b. These then tend to protect the 
base of the cliff from the destructive action of the breakers. 
The study of any extended line of coast composed of horizontal or 
slightly-inclined beds of rocks of unequal hardness will present 
abundant examples of the modified protection afforded to the base 
of cliffs from the accumulation of masses derived from them. 

Striking examples are often to be found on our shores of tl\e 
wearing away of the land by the action of the breakers, so that 
rocks stand out in the sea detached from the main body of the land, 
but which once evidently formed part of it. Perhaps the 
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accompanying sketch (fig. 45) of the cliffs near Bedruthan, Corn- 
wall, may afford an idea of the manner in which some of our cr)asts 
arc thus cut back by breakers. The islets here represented have 
been formed by such an abrasion of the rocks to the present cliffs 

Fig. 45. 



of the mainland, that portions, somewhat harder, and better resist- 
ing tlie action of the breakers than the rest, have remained. The 
breakers not unfrcquently work round portions of the cliffs, forming 
a cave throngli a projecting point or headland. This, from the 
continuance of tlic same destructive action, becoming gradually 
enlarged, the roof, from the want of support, falls, and the point 
becomes an island, round which the breakers work their way, 
gradually increasing the distance between it and the mainland. 

As might be expected, amid the wearing away of coasts by 
breakers, innumemblo instances present tbcinselvcs of unequal 
action on the harder and softer substances, according to their ex- 
posure to the destructive power employed upon them, so that long 
channels and creeks, and coves of every variety of form, arc worked 
away in some situations, while hard nx^ks protrude in otlicrs. 

Fip 40 . 
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Coves afTord shelter to tlie (ishenmn, IVom l)cing hollowed out in 
some localities, while the hard lodges act as naliiral piers in oil a as. 
The previous sketch (lig. 4(1), of Polventon (\)vc, on the east o( 
Trevose Head, Cornwall, may lie taken as a lair illustration of a 
harbour scooped out by the action of the breakers, which have so 
worn away the slate a, from a line of hard greenstone, />, that the 
latter forms a natural pier, named the Merope Rocks, afTording' 
shelter from the north-west winds, which, when strong, arc much 
to be dreaded on this coast.* 

It is not often, however, we should expect, though it must some- 
times occur, that a mere trace of beds, superincumbent upon 
dissimilar rocks, can be found on coasts, showing how such may bo 
entirely removed from the subjacent rocks by the action of the 
breakers. In this respect, the annexed sketch (fig. 47), may Ixi 


Fig* 47. 



useful. It represents a small patch a, of a conglomerate of the 
new red sandstone scries, named the Thurlestone Rock (in 
Blgbury Bay, South Devon), reposing, with a moderate dip sea- 
ward, unconformably upon the edges of Devonipu slates b. Here 
the breakers liavc almost entirely removed the red c(mglomeratc 
whicli was deposited upon the slates, and, no doubt, once covered 
them far more extensively than is now observable. 

In estimating the abrading power of breakers on an extensive 
line of coast, it is desirable not only to direct attention to the 
relative hardness of the rocks of which it is composed, but also to 
the position of the beds (if the rocks be stratified), and to the planes 
of slaty cleavage and of joints. It will soon be apparent tJiat 
among stratified rocks, lines of coast, under otherwise equal cir- 
cumstances, depend on the directions and dip of the beds. Their 
position relatively to the Ibrcc of the breakers is necessarily impor- 
tant; for if a series of beds, such as those in the accompanying 


* Polventon Cove was at one time well known ns a smuggling station, and is now often 
visited by vessels waiting for the tide into Podatow Harbour, a few miles distant. 
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sketch (dg. 4H), dip seaward, the action of breakers lulling on them 
ill the mannei* represented would be comparatively trilling, since 

Fig. 48. 



the return of one breaker down the seaward slope of the beds, 
diminishes the force of the next falling upon it, and the power of 
the remainder, rushing up the slope, is gradually expended, and 
meets with no direct obstacle upon which it can destructively act, 
Tlie positions in which the edges of the beds of any given rock are 
exposed to the action of the sea, are those where the abrading power 
of tlie breakers is most successfully exerted. Let us suppose that 
the annexed plan (fig 49) represents a line of coast exposed to the 

Fig. 49. 





nortli and west, and that tlie abniding action of tlie breakers is 
ecjiial from both points ; then the effects produced will depend upon 
the resisting powers of the rocks themselves. Taking the country 
to be composed of beds of slates and sandstones, having a strike or 
direction from cast to west, and a dip about 45° to the north ; then, 
supposing no cleavage planes, and the slates to be parallel with the 
sandstone beds, the resisting powers of the rocks would be greatest 
on the northern coast, since the beds would there all slope seaward, 
while the same rocks would be liable to much abrasion on the west, 
the edges ol‘ the beds being exposed in that direction. Niunerous 
indentations would be the result, similar to those represented in the 
plan, the softest beds being worn into the deepest coves, and the 
harder constituting the most prominent headlands. 




54 


ACTION OF SEA ON COASTS. 


[Cii. IV. 


In all investigations to the loss of land from the action ol the 
sea upon it, dependence can rarely be placed on old maps ol’consts, 
wliich are for most part very inaccurate ; indeed, there would h' no 
difficulty in producing those which would, when compared with a 
good modern survey, apparently show an increase of hall’ or tliri'c- 
quai'ters of a mile on a clilF coast, where, in fact, there had been 
considerable loss. 

We iiave seen that clilfs become abraded by the action ol‘ tlie 
breakers, sometimes alone, at others combined with tliat of tlui 
atmosphere and of land-springs. The mineral matter so brought 
within the influence of the sea has to be removed, and observation 
soon shows, that while one part of it is caught up in mechanical 
suspension, and is then liable to be carried away by the movements 
of tides or currents, another portion remains and is exposed to the 
grinding action of the breakers on the coast. Tliis latter portion 
necessarily varies in size from the block, which can only be shaken 
by the blows of heavy breakers discharged upon it, acting with their 
gi’eatest power, to the small pebble temporarily cauglit up in 
mechanical suspension, even by minor breakers, but which again 
sinks to the bottom wlien not exposed to their influence. 

It will be observed, respecting shingle beaches, tliat during a 
hc‘avy on-shore gale, every breaker is nu're or less charged witli the 
materials composing the Ixaieli, and that the slnngles are dirced 
toTwaidas far as the broken wave can reacli, tlieir slioek against the 
beach driving others before tlicm, not held in temporary mechanical 
suspension. Shingles are thus projected on the land beyond tlic 
reach of the retiring waves, and there accumulate in long ridges 
parallel to the coast, especially where the land is low beliiud the 
shingle beach. Heavy on-shore gales and high tides combined 
necessarily produce the greatest accumulation of shingle in sucli 
localities, and although occasionally a breach may now and then be 
formed at such times, it becomes speedily filled up by the piling 
action of the breakers. 

Attention to a shingle beach will soon show, notwithstanding tlie 
minor removal of portions from one place to another, backwards and 
forwards, and the modifications arising from the obliteration of tlie 
little lines of beach, not unf’requently produced during moderate 
weather, that as a whole it travels in the direction of the prevalent 
breakers until arrested against some projecting portion of the coast. 
This must happen, if any force act upon the shingles more in one 
direction than another, since they would be compelled to travel in 
conformity with it ; and observation proves that such is the fact, 
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for not only do wc lind pebbles of known rocks thus moved from 
tlic particular ]:)ortion of cliff whence they have been derived, but, 
also, though breakers appear to adjust themselves to the tortuous 
character or outline of a coast, that there is always a slight oblique 
action in cons(i([Ucncc of the main direction of the wind at the time. 

One of* the simplest forms in which the shingles of a beach are 
seen to liave travelled is- where, as in the annexed plan (fig. 50), we 


Fig. 50. 



\ 


find a spit of shingle beach, dy composed of pebbles evidently 
derived from a coast, 5, stretching in the direction to which the 
prevalent winds blow, the shingle beach being unable to cross over 
to the opposite coast (a) in consequence of the flow and ebb of the 
tide in and out of an estuary (e, c), into which a river {f) discharges 
itself at the higher end. In such cases, and they are to be seen in 
many situations, the rush of water is able to keep the channel open 
between the spit of beach d and the coast, a, not on the side of the 
prevalent winds, the ebb tide, especially when the river is in flood, 
effectually keeping the passage clear, and throwing off the shingle, 
which Strives to cross over and block up the estuary. 

There are good examples on the coast of Devonshire, at Teign- 
mouth and Exmouth, of tongues of beach thus fonned, but trending 
in different directions, exposure to tlie prevalent breakem being 
clearly seen to be the cause of the opposite directions taken by the 
beaches. At Teignmouth, a small portion only of the beach is 
derived from the rocks on the southward, and the river mouth is 
protected from the southerly and south-west winds, but exposed to 
the eastward and north-east. Hence, the beach is driven to the 
southward, and the river keeps its channel open by escaping against 
the hard cliffs of the Ness Point. The reverse of this action is 
observed at Exmouth, 

We have various examples on our coasts (the Looe Pool, near 
Helston, Cornwall, and Slapton Pool, in Start Bay, Devon, are 
illustrative instances), where the river waters being insufficient 
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to contend with tlie beacli-piiine^ action of flic breakers, tlic outlrt 
fur the (rosli waters is coinj)h‘tely cruised by bi‘iichcs, and lakes are 
Ibrnied bcliind thoin, the surplus waters percolating thmngh the 
shingles. From tliis stale of things to the escape of a riv(‘r, by 
pissing close to a hard cliff, there is every modi (leaf ion. In many 
localities exposed to open sea, the minor streams will be (l)und 
dammed up by, or cutting through beaches, according to tlie stati* 
of the weather. A lieavy on-shoro gale throws up a bar <•(’ beach, 
which a ilocnl from tlie land removes, and so the (‘onditions alternate, 
with every kind of inodilleation. The li>llowing (lig. M) is a sec- 



tion through the beach and lake at Slapton Sands, Start Bay, a, 
being the sea, which throws up the beach h ; c, the freshwater lake 
behind the beach ; d, the weathered and decomposed portion of the 
slate rocks e. This section is interesting also lirom showing tliat, 
at the present relative levels of sea and land in that locality, the sea 
has not acted on the hill d e, since the loose incoherent substance 
of d would have been readily removed by the breakers. 

The Chesil Bank, on the c<ttjst of Dorsetshire, affords a gfxxl 
example of the drivingfhr wards of shingle in a particular direction 
by breakers, pnHluccd by the action of jn-evalent winds. Jt is 
about IG miles hmg, e(jnnectlng tlie island of Portland with the 
mainland, and fir aliout eight miles from that island, is backed by 
a narrow Ixdt of tidal water, known as the J-'leot. Prom i^s j),,si- 
tion, the heavy swells and .«eas from the Atlantic, olien break 
I'uriously on this bunk, wlueb protects land that would otherwise 
swin be removed by them. The following (lig. 52) is a section 

Fig. 52. 



across tlic Chesil Bank, a being tlie bank ; b, the water tornicd tlie 
Fleet ; c, small cliffs formed by the waves of the Fleet, and by fulls 
from the effects of land springs ; d, various rocks of the wilitc group, 
protected from removal by the Ghesil Bank, and e, the sea, open to 
the Atlantic. In this ca.se also we seem to have an example of the 
Atlantic breakers not liaving reached the laud behind .since the 
relative levels of the sea and land were such as we now find them. 
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A sinking nf tlie coast would aj)pcar to a(li>rd an cx])lana- 

tionof phenomena observed, and is a 8upp>sltlon harmonizing 
with tlu^ facts previously noticed at Slapton Sands. 

'The geiiend I ravelling of shingles on a coast, much mejdificd by 
conditions, may be illustrated l)y the following plan (fig. 53), in 

Fig. 5a. 



which G, G,^^, A, and F, represent a line of coast exposed to the 
prevalent winds W. W. The lines of waves arc shown by dotted 
lines, made to curve Inwards behind protecting headlands. In 
conseqii(?nce of tlic configuration of* tlic coast, and its chief exposure 
to the action of breakers, the shingle would tend to travel from A 
to V on the one side, and from A to G on the other. There would 
be little impediment to their course along the line A F, until the 
river, on the right, presented itself, where K represents a cliff of 
hard rock, and F, the tongue of drifted beach, arising from the 
conditions previously noticed (p. 55). Between A and G the 
effects would be different, particularly if it be assumed that the 
point of land B projects into deep water. Considering the river at 
J) iis small, the beach would traverse its mouth and be only 
removed during heavy floods, so that the mass of shingle would 
tend to travel towards the point B, and there descend and accu- 
mulate in deep water. Supposing C another jx)int of land jutting 
into deep v\ater, it would bar the further progress of the shingle tmvcl- 
ling from M to it, a beach closing the outlet of the lake at E, assumed 
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to be shallow, and under the conditions previously mentioned as 
existing at the Looe Pool and Slapton, the back fresh-waters being 
unable to force outwards the beach accumulated by the breakers. 

At L (fig. 53), we have shown a marsh accumulation behind the 
protecting influence of tlie shingle beach F, this accumulation 
being a deposit from the checked waters of the river, by the action 
of the flood-tide, when rains had caused detritus to be borne down 
in mechanical suspension by the river. The annexed plan (fig. 54) 
may aid in showing the modification often observable where the 
tongue of beach is composed of sand, backed by sand-hills : a repre- 

Fig. 54. 




V 

sents a tract of low level land, which may cither have been 
formed by the filling up of an estuary under existing conditions, 
or be the bottom of an estuary of a previous time, now raised ; 5, h 
a sandy beach and sand-hills, protecting the low land from the 
ravages of the sea ; and c, c, a river which makes good its course to 
the sea, by keeping close to the hard cliff c. We have also assumed 
that a small stream, such as /, occurs, so that it docs not find its 
way to the main stream, but loses itself in pools amid the sand-hills, 
the mud from it tending to consolidate and cement the blown sands, 
binding them together, and hence supporting a vegetation which 
would not otherwise have found the conditions for its growth. 

In these situations there is often a severe struggle between the 
action of the sea (swept by prevalent winds w (fig. 54), piling 
sand upon the beach J, 6), assisted by that of the wind on the sand- 
hills, and the waters of the river. The effect of such a little stream 
as / is not unfrcqucntly to give much firmness to the end of the 
beach and sand-hills towards while the sand blown over towards 
the main river is caught up by it and again carried out to sea, 
particularly during fl(j<xls. 
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Let US now consider sandy beaches and sand-hills, bordering 
coasts generally. The sand on sea-shores is derived from the rivers 
bearing it down in meclianical suspension, or forcing it forward on 
the bottom to the sea ; from the wearing away of cliffs of sand and 
sandstone by breakers, or from the attrition of the pebbles or sliin- 
gles on beaches, so that finally they become mere sand. To these 
causes must, in certain localities, be added the trituration of shells 
and corals, ejected from the sea and piled up as beaches, in some 
places by themselves, at others variously mingled with ordinary 
sand. 

Regarding the common occurrence of sea-shore sand of a certain 
average degree of fineness, it should be observed, that as detritus 
approaches that size it becomes more and more difficult to reduce 
it further, since it is then more and more easily caught up in 
mechanical suspension by breakers, and therefore grain cannot so 
readily be ground against grain. 

The accumulation of sand-hills can as readily be studied on 
various portions of our own coasts, as in those parts of the world 
where the shores present little else than sandy dunes for hundreds of' 
miles. low line of coast with a shallow sea outside, and pre- 
senting a fair exposure to breakers, is usually sufficient for their 
production. The greater amount of shore dry at low water in tidal 
seas, and the greater the exposure to prevalent winds, the larger is 
commonly the accumulation of the sand-hills, other conditions being 
ccpial. The cause is sufficiently obvious. A large tract of sand, 
exposed between high and low water mark, and under the influence 
of a strong on-shore wind, is sfxm partially dried on its surface, and 
the dried* sand is sVept inland beyond the reach of the breakers of 
the rising tide, which could have again caught up this sand in 
mechanical suspension and have distributed it. 

It is desirable, that the observer should select some day, when a 
strong on-shore wind blows over a tract of sand, and the drier the 
state of the atmosphere the better, to sec the manner in wliich the 
grains of sand arc transported inland, and to mark the various 
modifications of surface which arise from the deposit of the sand 
among the sea-weeds, or pebbles, should any occur. He will find 
that, while some grains of' sand may be held in mechanical suspen- 
sion by the wind at a height of an inch or so from the sandy 
surface beneath, the friction of the air on the latter produces such 
retardation of the wind current, that similar grains of sand arc 
merely swept along the bottom. In such respects this perfectly 
accords with the movements of detritus in river channels, and 
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ubovtc noticed. The diirei’cncc is merely that the Iransporting 
power is air in the one case, ami water in the other. Indeed, this 
action is so completely iT the same kind, that the Inrrow.s and 
ridges produced by the Iriction ol* water currents over arenaceous 
accumulations, may be advantageously studied where wind currents 
drive over sand. 

To observe the manner in which the sands furrow and ridge, 
and move onwards, a time should be chosen when the wind is not 
sullicicntly powerful to hold the sand in mechanical suspension, 
but merely to drive or push it onwards. The ridging, as shown 
in the annexed section (fig. 55), is accomplished by the driving of* 


Fig. *1.5. 



the grains with sufficient force by the wind acting in the direction 
Wy iL\ merely to carry onwards those on the surface, the retardation 
of which by friction on those beneath so acts that the gnfins at 
arc driven on to the ridge a', and by accumulation (the power of 
tlie wind being sufficient to cut down tlie ridges to a kind of gene- 
ral level, or curve, as the case may lui})j)en to be) fall over into 
the furrow 6^, and so on witli tlie ridges a^and a'*. As the friction 
is continued, the crests of the ridges advance, and their places are 
occupied by furrows, to Ixj replaced by ridges. Wlicn the velocity 
of the wind is favourable for researches of this kind, an observer 
will best see the advance of the ridges, by placing himself amid 
the moving surface, and directing his attention to the ridges 
nearest him, at the same time making due allowance for the obsta- 
cles presented by his feet, which will produce modifying influences, 
readily appreciated. 

Arrived at the margin of the shore line, the sands pushed 
forward in the manner noticed, or caught up in mechanical suspen- 
sion, when the winds arc sufficiently powerful, accumulate, forming 
ranges of sand-hills, in some countries characteristic of long lines of 
coast. By their accumulation and tendency to move inland, in the 
direction of the prevalent and more powerful winds, they produce 
changes upon the adjoining low lands, and even upon considerable 
slopes of adjoining hills. The sands accumulated in the Bay of 
Biscay, may be considered as affording an illustrated Instance of 
this encroachment on the land, and the modifications thence pro- 
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duc(3d, inasmuch as great changes are known to have Ixien there 
effected during tlic historical period. 

The advance of these dunes is described as irresistible, and at a 
rate of GO and 72 feet per annum. They force before them lakes 
of Ircsli water, formed by the rains, which cannot lind a passage 
into the sea in tlie shape of streams. Forests, cultivated lands, and 
houses disappear beneath them. Many villages noticed in the 
middle ages have been covered, and a few years since it was stated, 
that in the department of the Landes alone, ten villages were 
threatened with destruction. ‘‘ One of these villages, named 
Mimisan, has been,” said Cuvier, ‘‘ striving for 20 years against 
them ; and one sand-hill, more than 60 feet high, may be said to 
be seen advancing. In 1802, the lakes invaded five fine farms 
belonging to St. Julien ; they have since covered a Boman cause- 
way, which led from Bordeaux to Bayonne, and which was seen 
about 40 years since, when the waters were low. The Adour, which 
was once known to flow by Vieux Boucaut, and to fall into the sea at 
Cape Breton, is now turned aside more than a thousand toises.”* 

There are few extended lines of coast which will not afford 
opportunities for the observation of sand-hills, and their mode of 
accumulation and change, for strong winds acting upon even a 
comparatively exposed surface, soon produce a marked alteration 
of their form. Successive accumulations, shown by the remains of 
surface vegetation grown during times where it could partially 
establish itself, arc cut away and heaped up into other hillocks, 
new matter derived from the sea being added to the general mass. 
At times, a strong off-shore wind forces sand back to the sea, act- 
ing not oply on the land-hills over which it blows, but also on the 
dried surface of the sands bared between high and low tide, these 
still more easily carried seaward when left dry for a longer time, 
between the highest lines of neap and spring tides. 

As the sand commonly Ibund in sand-hills is not usually borne 
high in mechanical suspension by the winds, such districts will 
not long have engaged attention before the power of running 
water, even of small streams, if their courses be unobstructed and 
fairly rapid, will be seen to prevent the extension of blown sands. 
The sand drifted, flilling into tlic streams, is carried onwards by 
these waters, and is thus prevented from traversing tliem.f Sand- 


* Cuvier, Dis. sur les Revoluthm du GMte. A thousand toiscs is about t>, 400 English 
feet, or somewhat less than a mile and one quarter. 

t Good examples of this fact may be observed on the const of Cornwall. The 
Perran Sands are thus bounded for nearly two miles between Treamble and Holy 
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above noticed. The difrercncc is merely that the transporting 
power is air in the one case, and water in the other. Indeed, this 
action is so completely of the same kind, that the furrows and 
ridges produced by the friction of water currents over arenaceous 
accumulations, may be advantiigeously studied where wind currents 
drive over sand. 

To observe the manner in which the sands furrow and ridge, 
and move onwards, a time should be chosen when the wind is not 
sufficiently powerful to hold the sand in mechanical suspension, 
but merely to drive or push it onwards. The ridging, as shown 
in the annexed section (fig. 55), is accomplished by the driving of‘ 


riir. 



the grains with sufficient force by the wind acting in the direction 

w, merely to carry onwards those on tlie surface, tlie retardation 
of which by friction on those l)eneath so acts that the gritins at 
arc driven on to the ridge ab and by accumulation (the power of 
tlie wind being sufficient to cut down the ridges to a kind of gene- 
ral level, or curve, as tlie case may happen to be) fall over into 
the furrow 6^, and so on with the ridges a® and As the friction 
is continued, the crests of the ridges advance, and their places arc 
occupied by furrows, to be replaced by ridges. Wlicn the velocity 
of the wind is favourable for researches of this kind, an observer 
will best sec the advance of the ridges, by placing hiihsell‘ amid 
the moving surface, and directing his attention to tlic ridges 
nearest him, at the same time making due allowance for the obsta- 
cles presented by his feet, which will produce modifying influences, 
readily appreciated. 

Arrived at the margin of the shore line, the sands pushed 
forward in the manner noticed, or caught up in mechanical suspen- 
sion, wlien the winds arc sufficiently powerful, accumulate, forming 
ranges of sand-hills, in some countries characteristic of long lines of 
coast. By their accumulation and tendency to move inland, in the 
direction of the prevalent and more powerful winds, they prcxluce 
changes upon the adjoining low lands, and even upon considerable 
slopes of adjoining hills. The sands accumulated in the Bay of 
Biscay, may be considered as affording an illustrated instance of 
this encroachment on the land, and the modifications thence pro- 
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(luccd, inasmuch as great changes arc known to have l^cen there 
effected during tlic historical period. 

Tlic advance of these dunes is described as irresistible, and at a 
rate of 60 and 72 feet per annum. They fierce before them lakes 
of fresh water, formed by the rains, which cannot find a passage 
into the sea in the shape of streams. Forests, cultivated lands, and 
houses disappear beneath them. Many villages noticed in the 
middle ages have been covered, and a few years since it was stated, 
that in the department of the Landes alone, ten villages were 
threatened with destruction. “ One of these villages, named 
Mimisan, has been,” said Cuvier, ‘‘ striving for 20 years against 
them ; and one sand-hill, more than 60 feet high, may be said to 
be seen advancing. In 1802, the lakes invaded five fine farms 
belonging to St. Julicn ; they have since covered a Roman cause- 
way, which led from Bordeaux to Bayonne, and which was seen 
about 40 years since, when the waters were low. The Adour, which 
was once known to flow by Vieux Boucaut, and to fall into the sea at 
Cape Breton, is now turned aside more than a thousand toiscs.”* 

There arc few extended lines of coast which will not afford 
opportunities for the observation of sand-hills, and their mode of 
accumulation and change, for strong winds acting upon even a 
comparatively exposed surface, soon produce a marked alteration 
of their form. Successive accumulations, shown by the remains of 
surface vegetation grown during times where it could partially 
establish itself, are cut away and heaped up into other hillocks, 
new matter derived from the sea being added to the general mass. 
At times, a strong off-shore wind forces sand back to the sea, act- 
ing not o|jly on the ftind-hills over which it blows, but also on tlic 
dried surface of the sands bared between high and low tide, tlicsc 
still more easily carried seaward when left dry for a longer time, 
between the highest lines of neap and spring tides. 

As the sand commonly liiund in sand-hills is not usually borne 
high in mechanical suspension by the winds, such districts will 
not long have engaged attention liofore the power of running 
water, even of small streams, if their courses be unobstructed and 
fairly rapid, will be seen to prevent the extension of blown sands. 
The sand drifted, falling into the streams, is carried onwards by 
these waters, and is thus prevented from traversing thcm.t Sand- 


* Cuvier, DLs. svr Ics Ret^olutiom dn Gloffc. A thousand toiscs is about 6,400 English 
feet, or somewhat less than a mile and one quarter. 

t Good examples of this fact may be observed on the coast of Cornwall. The 
l>f»rran Sands are thus bounded for nearly two miles between Trenmble and Holy 
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drifts arc somctlnies also (<nind stopped by tlie (low of* tidal waters 
in and out of lagoons. (H* this kind, the aceuniulation of sand at 
the northern side of a spit of land, tenniuated l)y sand-liills, uear 
Tramorc, on tlie eastern coast of Ireland, may be considt'ied as a 
good example. 

As having a geological bearing, the observer would do well 
to direct his attention to the manner in which tlie remaius of 
vegetable and animal lif'e, both terrestrial and marine, bec()me 
mingled in sand-hills. Portions of seaweeds will freipiently lx* 
found blown, wlien dry, amid the terrestrial vegc'tation of tlui 
sand-hills; and the shells of the helices, which are of'ten flaind in 
multitudes in such situations get mingled with marine shells, or 
their fragments. 

In some situations, the sand-hills are largely coinj^ioscd of com- 
minuted shells, ground to that state by the breakc'rs; and :n such 
cases, consolidation of parts of thiau may be observable, luning the 
hardness of many sandstones. The carhmate of* lime of* tlu* shells 
becomes acted upon by the carbonic* acid in tlu* rain waters, 
with additions from decomposing vegetation, wlu'u plants lia\(‘ 
established tliemseivcs on the surlace ol* the* sand, and a linal 
deposit of the carbonate of lime, thus held in solution, agglutinates 
the grains of sand togetlu*!’. Jndurated sands of tins kind are 
sufliciently hard, occasionally, to be (‘inployc'd for building pur- 
pose's.* 


Well Hay. Murh laihl i-H stntcfl to ha\o been ro\<-H'«l b} ill ills tVoin the Ceiraii 
SainN. ill ooTi‘«C4iieii('e of a small stream ba\inj]; becMi ei)\ered by iiiinin^j: oiieiatioiis 
near (iear. 

* The consolidated calcareous sand of No\c Quay, ('oriiwiill, has been lonj; used :is 
a building' stone, ^ot only is tlie iiei;^hbouriii}' <‘hur<‘h of ('laiitocli of tins 

modern sandstone*, Imt \cr> ancient stone cotliiis liave also Ix'cn discovered, coiiiikimmI 
of the same consolidated sand, in the adjoininir clinrchyard. 'I'he ^nains aie so liimly 
cemented in fJiis >(‘\\ (2na\ sandstone, tliat where it jz;radnatrs into a kiml ot con- 
glomerate, jiehhies of quart/, and hard sandstone are genciall} biokeii thiou*:!! by a 
blow on the compound rock. 



CHAPTER V. 


DISTRinUTION AND DEPOSIT OF SEDIMENT IN TIDfN.ESS SEAS. — DEPOSITS fH' 
THE NILE. — OF THE PO AND RHONE.— CONTEMPORANEOUS DEIMKITS OF 
ORAVEL, SAND, AND MUD. — DEPOSIT OF VOLCANIC ASIIUS AND LAPILIJ. — 
DEPOSITS IN THE liLACK SEA AND THE BALTIC. — GULF OF MEXICO AND 
MISSISSIPPI. 

As tidelcss seas might he considered as mere salt-water lakes, the 
distribution and deposit of detritus in them would, as a whole, 
resi'inble tliat of iresli-wat(‘r lakes, particularly oi* those attaining 
the magnitude of tlie great Xortli American lakes, but i(>r the 
difference in the relative specific gi'uvities of their waters, ^liglit 
attention to the overllow of rivers swollen by rains, and charged 
witli mechanically-suspended matter, into the sea, will show that 
the discoloured waters of tlie rivers, instead of falling beneath the 
waters into which they How, as is seen at tlie higlicr part of 
the lake of Genova, and numerous other lakes, proceed seawards 
on the siuTacc of the sea waters, and often to considerable dis- 
tances. The cause is simply tlvat, thougli discoloured by tlie 
dctiital matter held in mechanieul suspension, these river waters 
are still specilically lighter than the sea waters into whicli they 
flow. 

The distances to which the river waters sometimes flow sca- 
ward, transporting fine detrital matter, parting witli it gradually, 
must, when the great rivers of* the world become f’ull and turbid, 
lie often very considerable. Colonel Sabine has stated, that at 
three hundred miles distant from the mouth of the Amazons, 
discoloured water, supposed to come from that river, was found, 
Avith a specific gravity of 1*0!204, floating aboA^c the sea water, 
of which tlie specific gravity was tlie depth of the lighter 

water being estimated at 12G feet. It would be well that observers 
should direct tlicir attention to such facts, for their accumulation 
would tend mucli to show us the extent to which fine sedimentary 
matter may bo thus borne beyond tlie action of’ tides and coast 
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(uiiTonts.* As uiiu'li inattc‘r may bo thus distributod in c*b(*ini(*id 
solution, valuable inibnnation inijj^lit also be oollocted as to tlu* 
kind and (quantity of substances so hold in solution. 

From the varied depths near its shores, the Meditiaranean 
affords us a good example of the deposits efleeted in seas which 
are commonly termed tideless. The groat rivers which discliarg(‘ 
themselves int(^ it, such as tlio Nile, Po, and Khone, now ti*ans- 
port little sedimentary matter that is not finely comminuted, and 
of easy mechanical suspension. The Nile, whic-li has been (‘sti- 
mated to deliver a body ol‘ water annually into the Mediterranean 
about doO times that which Hows out of the Thames, beginning to 
rise in dune, attaining its maximum height in August, and tluai 
falling until the next May, must thrust forward, from its jK'rio- 
dlcal rise and fall, line sedimentary matter with great regularity, 
tending thus to produce consecutive layers or beds of mud and 
clay of considerable unllbrm thickness and character, in tliosc' 
situati(jns where modifying conditions do not interfere. I’art of* 
the fine mat tea’ brought elown from the inteu’ior lu mechani(‘al sus- 
pc'usion is deposited (Ui the* low(‘r gnnmds traversed by tlu* Nih*; 
and it has been calculated tliat the surface of Fpper Fgyjit has, in 
this manner, been raised more than six feet since the comnumce- 
ment of the Christian era. The line matt(T not so de‘posit(‘d, pass- 
ing with the river wateu’S seaward, is n(‘cessarlly liorne furtlu'st 
outwards when tlie greatest fi)r(‘(‘ of tlie river watm’ prevails, 
namely, in August of* each year. 

The matter thus borne seaward may be kc'pt a greatiu’ or less 
time mechanically suspended, acrording to the agntation of’ the 
surf’acc by winds, but, as a. whole, there must be an averagi' 
area over which it is thrown down; the greatest distaneii of ihi* 
d(‘posit from tlu‘ mouths of the Nih* being attained in August, 
though tlie greatest tliiekness of a year’s dej)o.^it will bii iK'arcu’ 
the land. As the river moutlis advance, tliese sheets of’ fine sedi- 
ment would be cxj>ect(.'d to (‘xtend furtluT si'award, ov(‘rla[>ping 
each other. 

Where the surface of the sea cuts the slightly-inclined plaiu' of 
sedimentary matter, partly in the sea, and partly on the land, tin* 

* Very little prartico would oiuiblc those ho may have opportunities of making 
such ohservatifms to ase(*rtain the amount of matter m(‘chanieally suspemkMl in \oiteis 
of this kind. If the seales he not very' <l(d lent e, )>y pouring n large volume <d’ the 
water through a filter, j)reviously weighed, sueh an approximation to the truth may 
he ohtainerl a^ might he u«eful. As pre^iousIy observed (p. iiS), mere evaporation of 
the w'ater would give nf)t ordy the matter in meehanieal suspension, hut that also in 
ehernieal solution 
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l)r(‘iik(*rs separate tlie lin(‘r Iroin tlie eoais(*r suijslaiiees, k(*(‘ping 
the loriiier (‘asily in ineeliunical suspcnsicjn, and reinrnin^^ tliein 
Ironi tlic slierc eiitwards. ddie result is, an arenaceous boundary, 
witli l^anks so liirined as to includii la^^oons, .‘^uch as an; seen in 
tlie aeeoinjianyin^ sketcli of the delta of* the Nile (fig. 50), at 
Lakes Mar(;otis, Jiourlos, and ]Menzal(;li. 


Fip. T)Ct. 



d'li(‘s(‘ lakes graduallv' lill up, tlie slaav adxaiiei '', and so, e\en 
Mippusing tlu‘ saiiK* relativi* lex el of* sea and land not to be altered 
tlnough a long sueeessi<»n ol* ages, the bed ot* the Mediterranean 
becomes movo shallow in that region, and a mass of matter, such, 
lor tlie«most pai t, as would eventually form elav, i'i aecuinulated ; 
llu* u])j)er jiortion sandv from the action of tlie breakers upon the 
leM‘1 of th(‘ sea, and 1‘roin the sifting action, so to speak, of the 
wav(‘s further seaward, at depths wliere that inllueiioe could he 
Ihlt. 

From till' periodical character of the rise of xvater in the Nile, the 
(‘(pil valent })eriodical deposits might exen be marked by bands or 
layei*s extending to distances bearing a relation to the amount of 
transporting poxver of the rixer xvaters, so that coarser particles 
could be carried further and over more extended areas at one time 
than at another, d'he general deposit, hoxvever, gradually adxanc- 
ing seaward, suecessivc annual accumulations would, as a xvhole, 
ovt'ilap each other. 

When xve regard the Vo and Ithoiu', we haxe not the same xory 
marked periodical rise ot their waters; though no doubt, taken as 
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a whole, there may annually be times when more matter is borne 
outwards than at others. With the exception of the regularity of 
effects likely to be produced by the rise and fall of their waters, the 
accumulations formed by deposit from the dctrital matter borne 
seaward by the Po and Ehone would, however, be similar to those 
of the Nile the same discharge of fresh waters holding matter in 
mechanical suspension over the surface of the sea, the same sifting 
of the detritus so borne seaward, where the action of the waves can 
reach it, and the same general order of accumulations. t As the 
general mass of matter advanced, there would be mud or clay 
formed at the greatest distance from the land, over which the sands, 
separated from the finer or mud-fonned particles in the shallow 
water and along shore, would gradually be spread, mingled here 
and there with a patch of clay, or silt clay, deposited in the lagoons, 
behind lines of beach thrown up by the breakers. 

These rivers are merely mentioned as marked examples. An 
inspection of a good chart of the Mediterranean will show that 
there are many others, the floods in which only bear mud and 
sands into it, the heavier detritus not reaching the shores, the fall 
of the river beds, and the force of their waters, being insufficient. 
In all such cases the accumulations would be mud or clay for a 
base, with an arenaceous top, so far as the causes we have noticed 
could prevail. It will be obvious, that clay may be accumulated 
in the depths seaward, while sands arc advancing from the shore 
towards them, so that, if at any future geological period, the whole 
became uplifted above the level of the sea, we might have a sheet 
of arenaceous matter covering another of clay, the parts of each, 

a. 

* As respects the Po, M. Prony considered himself authorised to conclude, from 
the examination of a large amount of evidence, “ First, that at some ancient period, 
the precise date of wliich cannot now be ascertained, the waves of the Adriatic 
washed the shores of Adria. Secondly, that in the tw elfth century, before a passage 
had been opened for the Po at Ficarrolo, on its left or northern bank, the shore had 
already been removed to the distance of 9,000 or 10,000 metres (5J to 6 miles) from 
Adria. Thirdly, that the extremities of the promontories formed by the tw’o principal 
branches of the Po, before the excavation of the Taglio di Porto Viro, had extended 
by the year 1600, or in 400 years, to a medium distance of 18,500 metres (about llj 
miles) beyond Adria; giving from the year 1200 an average yearly increase of the 
alluvial land of 25 metres (82 feet). Fourthly, that the extreme point of the present 
single promontory, formed by the alluvions of the existing branches, is advanced to 
between 32,000 to 33,000 metres (about 19} to 20^ miles) beyond Adria ; whence the 
average yearly progress is about 70 metres (229J feet) during the last 200 years, being 
a greatly more rapid proportion than in former times.”— Cwvier, Dls. sur les Rev. du 
Globe. M. Morlot infers that the land round the head of the Adriatic is gradually 
sinking, but that the deposits of the rivers arc still sufficient to elfcct a general gain 
upon the shores of that sea. 

t It should be remarked that there arc also calcareous accumulations at the mouth 
of the Rhone. 
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though continuous, formed at different times, and portions of the 
clay equivalent to parts of the sand. There would be zones, so to 
speak, of arenaceous matter corresponding with the advance of the 
coast, and not separated from the common sheet of that of which it 
constitutes a part, being formed at the same time with a layer of 
clay, which a prolongation of the sandy coating would cover^ at a 
subsequent period. 

The same sea fortunately furnishes numerous examples of short 
rivers, with rapid falls of their beds, and occasional abundant sup- 
plies of water, thrusting pebbles into it. The effects produced are 
the same as when torrents discharge themselves into lakes, with 
the difference that the muddy part of the waters flows over the 
surface of the sea, the sand separating from it. According to the 
depth of water, and this is sometimes considerable, is the sand 
accumulated ; if fairly deep, the sand falls not far distant from the 
coast, while the pebbles accumulate on the shore, and the em- 
bouchure of the river is extended. Though the general bed of 
shingles (the upper part acted upon by the breakers, as upon any 
other shingle beachj would advance as a whole, with an even upper 
surface, the accumulation of gravel or shingles would be formed by 
many irregular protrusions produced by changes in the direction of 
the river’s moutli. The depth being favourable, we should expect, 
under such conditions, an accumulation of the following kind (fig. 
57), a a being a section of the land, formed of beds of roeks 

Fir, 

9 


f f 

(represented as dipping inland, merely to separate them clearly 
from the other deposits \ b the bed of the river, bearing down 
pebbles, sand, and mud into the sea, the level of which is shown 
by the horizontal line e; d exhibits the first accumulation of 
pebbles thrown over the steep shore, the pebbles falling to the 
bottom, and the sand only being deposited in a regular layer, more 
outwards ; c the continuation of the sandy layer seaward ; / f the 
mud deposited beyond the sand, and also continued ; and g the 
extension of the pebbles over the sand, at some given time. In 
such an accumulation we should expect, after both sand and gravel 
had overspread the clay, a lower deposit of clay, above this anotehr 
of sand, and over the sand, gravel ; parts of the gravel, sand, and 




68 


DISTRIBUTION AND DEPOSIT OP [Cn. V. 

clay, notwithstanding the extension of each layer continuously in 
the manner stated, being equivalent to each other in age, for the 
reasons before assigned. 

Wliere depths were less considerable, we should exjicct an inter- 
mixture of the gravel and sand in a more irregular manner, and 
with m arrangement de|>ending on the action of the breakei-s upon 
them; this action tending to pile back the shingles, as a wliole, 
while it permitted the sandy sediment to bo caught up in mecha- 
nical suspension, and thus it might be carried outwards by the river 
waters, in places where the stream of these waters could be felt. 
As previously observed, the finer and mechanically suspended 
particles would be borne over the surface of the sea, according to 
the volume and velocity of the outpouring river waters, eventually 
forming a layer of mud or clay whore deposited. It will be obvious, 
that as the volume and velocity of the river waters varied, so would 
be their power to carry outwards, beyond the influence of the 
breakers, mechanically-suspended matter of different volume and 
weight, and hence that, within a certain range, there might be 
mixed layers of sand, silt, or mud, according to circumstances. 

Not only do the rivers thus contribute matter, borne down by 
them to the shores, to be there arranged by the breakers, or thrust 
out into the sea and deposited in it, but every river also bears 
down some matter in chemical solution, to be added to the solutions 
present in the seas. In tideless seas, each river sends down its solu- 
tions into water which may, to a great extent, be considered stag- 
nant, notwithstanding certain movements or currents sometimes in 
it, so that at the embouchures of the rivers the substances so borne 
down prevail within distances to which the river waters nfay act. 
In many locaKties around the Mediterranean, the river waters 
transport large quantities of bicarbonate of lime in solution. 
While we may consider that much of this substance is consumed by 
fish, crustaceans, and molluscs, for their harder parts, there is pro- 
bably a large surplus which eventually takes the form of calcareous 
accumulations beneath the sea. The rivers which transport bicar- 
bonate of lime abundantly would, when in flood, probably also 
carry forward sedimentary matter, so that at the mouths of such 
rivers we might have alternate times, variable probably in duration, 
when the rivers were clear, and carried forward, as compared with 
the volume of water, a large proportion of bicarbonate of lime, and 
when this substance bore a far less proportion to the volume of 
water, while fine detritus was abundant. Under such conditions we 
should have alternately layers of mud and calcareous matter, or mud 
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more calcareous at one time than at another, so that eventually the 
calcareous matter might tend to separate into nodules, and in planes 
corresponding to the times when it was most abundantly thrown 
out of the rivers. In like manner we might have sulphate of lime, 
commonly enough in solution in some rivers, mingled with the 
mud, and eventually crystallizing out as selenite, a mineral so fre- 
quently discovered in various clay beds. Many other combinations 
of different substances, some in solution, others meclianically sus- 
pended, and borne down by the same rivers, will readily present 
themselves to the mind of the observer, and suggest attention to 
the conditions under which both are carried out into tidcless seas. 

When considering dep)slts in tideless seas, we must not forget 
those resulting from the fall of ashes and lapilli, thrown out from 
volcanos. The Mediterranean may fortunately be considered with 
reference to this kind of accumulation also, as there are volcanos 
in action in it, and on its shores. The great eruption in 79, which 
not only overwhelmed Herculaneum, but showered ashes in such 
profusion upon Pompeii as also to bury that town, could not fail to 
have thrown a large amount of ashes and lapilli into the sea ; and 
considering the distances to which ashes are known to have tra- 
velled from volcanic vents, the ashes at least may liave been widely 
spread. It will be obvious that wliatever kinds of sedimentary 
accumulations they subsided upon through the sea, the ashes would 
mingle with them, coating over such deposits whei'e tranquillity 
reigned, either from the depth of water or other causes, with a layer 
of ash. Where the action of waves on the bottom, or of breakers 
on the coasts, could be felt, in whatever tranquil state the ashes may 
have fellen originally to the bottom, they would be mixed up with 
tlie mud, sand, or pebbles, as the case might be, when thus acted 
upon, so that the particles of the ash would be disseminated among 
them. All rivers upon which the ashes fell would probably bear 
much of them outwards in mechanical suspension, for the fine 
matter which can be upborne and be carried by the winds to great 
distances would not readily subside through the river waters. 

Under this view, the deeper parts of the Mediterranean, and 
especially those to which other sedimentary matter could not be 
carried by the movement of sea currents, or the drift of river 
waters outwards, would be those where the layers of ash would be 
most unmixed with otlier matter, excepting as regards the deposit 
of any substances from chemical solution in the sea, and to which 
its great tranqxiilllty may be favourable. We do not know the 
depths at which calcareous accumulations may now be forming in 
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the Mediterranean, but whether in shallow or deep situations, any 
ashes falling upon them would either accumulate in layers, or be 
mingled up with tlie limestone, accoi’ding t<j tlie rapidity with 
which the one may subside, or the calcareous matter be deposited. 

Not only are there volcanos on the borders of this sea, of the 
magnitude of Etna and Vesuvius, throwing out ashes and lapilli, 
but we have had evidence in our times, so lately as 1831, of* the 
uprise of a volcano through the sea,* between Pantellaria and the 
coast of Sicily, and from deep water.f Columns of black matter 
are described as being thrown out of the crater, to the height of 
three or four thousand feet, spreading out widely even to windward. 
The upper part, above the sea at least, seemed to have been solely 
composed of ashes, cinders, and fragments of stone, commonly small. 
Among these, fragments of limestone and dolomite, with one, 
several pounds in weight, of sandstone, were observed, apj^earing to 
show that the volcanic forces had broken them off beds of these kinds 
of rock, when the igneous matter had been propelled through them. 

An island so constituted, could not long resist the destructive 
action of the breakers, and thus, as soon as the supply of ashes, 
cinders, and fragments of rock ceased, it was cut away by them, 
and reduced to a shoal. During the time that this volcanic mass 
was accumulating, a large amount of ashes and cinders must have 
been mingled with the adjacent sea before it reached its surface, and 
no slight amount would be distributed around, when ashes and 
cinders could be vomited into the air. Add to this the quantity 
caught up in mechanical suspension by the breakers, and there 
would be no small amount to be accumulated over any deposits 
forming, or formed on the bottom around this locality, and out of 
the reach of any lava currents which might have flowed beneath 
the level of the sea. The breakers while they removed the lighter 
substances would, as it were, so sift the whole, that the heavier 
fragments would gradually subside to lower levels, and eventually 
beneath the action of seas breaking above, or simply moving the 
bottom during very heavy weather. Finally, there would be a 

♦ To the island thus formed the various names of Sciacca, Julia, llotham, Graham, 
and Corrao were given. Dr. Davy, who visited this volcanic island on the .5th 
August, 1831, has given a detailed account of it in the Phil. Trans, for 1832. M. C. 
Prevost was charged by the Academy of Sciences of Paris to visit and report upon it. 
He reached the island on the 28th September of the same year. It was then about 
2300 feet in circumference, with two elevations, from 100 to 200 feet high, on dif- 
ferent sides of the crater, the latter filled with boiling water. 

t Captain Smyth proved (Phil. Trans. 1832) that the volcano did not rise from the 
Adventure Bank, as was first supposed, but to the westward of it, and from deep 
water. 
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collection of fragments, cemented by ash and cinders, in which 
there would not only be pieces of igneous rocks, but of limestone, 
dolomite, and sandstone also, for we are not to suppose that the 
pieces found accidently on the surlace were tliose, alone thrown out 
of the crater. 

Thus, then, in the Mediterranean a very complicated scries of 
contemporaneous accumulations is now in progress, its uneven 
bottom* being variably covered, according to conditions, by the 
matter brought into it either in solution or mechanical suspension 
by rivers ; eroded from its shores by the action of the breakers, or 
ejected by volcanos, the whole, excepting lava currents or large 
sudden accumulations of ashes and cinders, more or less mingled with 
the remains of organic life, these remains themselves sometimes 
sufficient to fonn long-continued layers or beds. 

Though, for convenience, the Mediterranean has been treated as 
a tideless sea and without motion, this is not strictly correct, inas- 
much as small tides are felt in it, and currents are found. Indeed, 
as respects the latter, when powerful winds, by their friction, force 
the surface waters in some given direction for the time, well seen 
when driven against any part of the boundary coasts, t the move- 
ment is then sufficient to carry aiiy substances, mechanically sus- 
pended, to distances pruportionate to the power and continuance of 
the winds. When these waters again come to a state of repose, the 
return action will be similar. There are also currents in the Me- 
diterranean, such as that out of the Black Sea into it through the 
Sea of Marmora, and the current at the Straits of Gibraltar, which 

sets in from the Atlantic, J the latter modified, however, by the 
^ 2 — 

In considering the deposits now taking place in this sea, we should bear in mind 
that it is divided into chief basins (see Captain Smyth’s charts) by a winding shoal, 
the Skerki, connecting Sicily with the coast of Africa. The run of soundings upon 
this shoal, proceeding from the African to the Sicilian coast, gives 34, 4S, 50, 38, 74, 
20, 70, 52, 91, 16, 15, 32, 7, 32, 48, 34, ,54, 70, 72, 38, 55, and 13 fathoms, whence its in- 
equalities may be seen. There are soundings in 140, 157, and 260 fathoms on either 
side, and places where bottom has not been reached with 190 and 230 fathoms of line. 

t An observer may often have opportunities in the ports of the Mediterranean of see- 
ing the rise or depression, as the case may be, of the sea, according as the winds at the 
time may be blowing with strength off or on shore. Canals frequently afford good 
opportunities of observing this kind of action of wind on water ; for the canal levels, 
in still weather, being accurately known, it becomes easy to see how much these 
waters arc raised or depressed as the winds may press them in one direction or an- 
other. Mr. Smeaton found that in a canal, four miles in length, the water was kept 
up four inches higher at one end than at the other, by the action of the wind along 
the canal. The Caspian Sea is several feet higher, at either end, according as a strong 
northerly or southerly wind may prevail. 

X Both these currents have been attributed to the cvaporiltion of the surfsce waters 
of the Mediterranean, that sea not receiving a sufficient equivalent from the discharge 
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tides as respects the African and European shores of the Straits * 
The current from the Atlantic is described as setting eastward into 
the Mediterranean at the rate of about 11 miles in 24 hours, passing 
along the African shore, and being felt at Tripoli and the island of 
Galitta.t An eastern current flows between Egypt and Candia, 
and at Alexandria, Arrived at the coast of Syria it turns north- 
wards, and then advances between Cyprus and tlie coast of Kara- 
mania. Such currents would necessarily aid in transporting 
matter both in solution and mechanical suspension, the last- 
mentioned current especially acting on that brought down by the 
Nile. 

From the lower specific gravity of the water in the Black Sea.J 
the fine detritus, borne into it by the waters of the Don, Dnieper, 
Dniester, and Danube, would be carried Jess distances, comparatively, 
over its saline waters than those of the Nile, Po, and Rhone over 
the Mediterranean, while from the same cause, supposing an equal 
force of wind to act upon both seas, any continued suspension of 
that matter which might be due to the agitation of waves, would 
be greater in the Black Sea than in the Mediterranean, the waters 
of the former offering less resistance to the wind from their inferior 
specific gravity. In the Baltic also, from its specific gravity, the 
deposit of detritus borne down the rivers discharging themselves 
into it, would approximate towards that observable in fresh-water 
lakes. Like most lakes, also, the Black and Baltic seas have out- 

of rivers into it, or the fall of rain upon it, so that the Black Sea furnishes waters on 
the one side and the Atlantic on the other, in order to keep it at the height required, 

♦ “ On the European side, west of the island of Tarifa, it is high water at 1 ih, but 
the stream without continues to run 2**. On the opposite Bh.»rc of Africa,qit is high 
water at 10**, and the stream without continues to run until ; after which periods it 
changes on either side, and runs eastward with the general current. Near the shore 
are many changes, counter currents, and whirlpools, caused by and varying v'ith the 
winds. Near Malaga the stream runs along shore about eight hours each way. The 
flood sets to the westward.” — Purdy, Atlantic Memoir, The tide rises three feet at 
Malaga. 

t An under and counter current has been considered to set westward, but of late 
this has been doubted. However this may be. Admiral Beaufort has shown, while 
noting the current which flows westward from Syria to the Archipelago, that “ counter 
currents, or those which return beneath the surface of the water, ore also very re- 
markable. In some parts of the Archipelago they are sometimes so strong as to 
prevent the steering of the ship ; and in one instance, on sinking the lead, ^en the 
sea was calm and clear, with shreds of bunting of various colours attached at every 
yard of the line, they pointed in ditferent directions all round the compass.”— 
fort^s Karamania. 

t According to the researches of Dr. Marcet (Phil. Trans. 1819), the specific gravities 
of the under-mentioned seas are as follows 

Mediterranean • . . 1*02930 1 Baltic 1-01523 

Black Sea 1*01418 I Yellow Sea .... 1*02291 
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flowing currents^* so that the evaporation on ^leur sur&ce is not 
equal to the fresh water discharged into them.t 
Supposing no counter and constant currents brining in salt 
water from the Mediterranean to the Black Sea, and from the Ger- 
man Ocean to the Baltic, and that the discharged waters from both 
seas carry oif the average saline waters of each, these seas would 
gradually become less saline in proportion to the diflferent amount 
of* salts in solution carried out to the adjoining seas, and those 
brought in by the rivers discharged into them.J Upon this view, 
therefore, both the Baltic and Black Seas may at previous periods 
have been more saline than at present. Considering, as geological 
evidence would lead us to infer, that the area now covered by the 
Caspian and that occupied by the Black Sea, were once beneath a 
common sea, changes subsequently effected have separated them as 
now found. In the Caspian we should have evaporation sufficient 
to overpower the influence of the fresh water poured in by the 
Volga, Ural, and the minor rivers, wliile in the Black Sea the supply 
of fresh water is beyond the evaporation. Hence tlie Ca.spian 
remains a salt lake, while the Black Sea may be gradually becoming 
more and more a fresh-water lake, the Caspian not only retaining 
its original saline contents, but becoming more saline if either the 
salts brought down by the rivers are beyond any deposit whicli may 
dispose of them, or the evaporation be greater than the supply of 
water from the Volga, Ural or laik, and minor streams.§ Upon 
such an hypothesis, though at first the deposits in each would be 
under the same conditions, these would gradually change as regards 
effects arising from the increasing difference in the specific gravities 
of* the respective waters. || 


* The velocity of the current, in the narrowest part of the Sound (Baltic), is about 
three miles per hour; but the ordinary general rate, in fine weather, is about a mile 
and a half or two miles. The current flowing from the Black Sea runs commonly, in 
the Thracian Bosphorus, from three to five miles per hour, according to the direction 
and force of the winds. 

t Strong opposing winds force back the current out of the Baltic, and, if sufficient 
long continued, will raise tlie level of that sea. 

X In equal weights (3 lbs.) of water taken from the East Friczland coast, and from 
Rostock in the J^ltic, the following proporiional difiercnces in saline contents were 
found 


Chloride of sodium . 

German Ocean. 

. . . 522 

Italtie. 

■i63 

Muriate of magnesia . 

. . . 198*5 

111 

Sulphate of lime . 

... 23 

12 

Sulphate of soda . . 

... 1*3 

1 

Residue 

. . . 1*5 

1 


§ There is considered to be good evidence of the Caspian having stood at higher 
levels than at present, those more corresponding with the actual level of the Black 
Sea, beneath w'hlch the surface of the Caspian is now 81*4 feet. 

II A peculiar bitter taste observable In the Caspian waters is attributed to the 
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Although ice may form in the shallow bays of the Black Sea, 
and the branch known as the Sea of Azof be often frozen over in 
the winter months, so that ice, floating away from the coasts, may 
be the means of conveying fragments of rock and pebbles into 
situations to which they would not be otherwise tmnsported, tlie 
ice in the Baltic, from the geographical position of that sea, is a 
means of adding to deposits in it of a more important kind. In 
particularly severe seasons, extensive sheets of ice over parts of 
this sea occur, and cases are recorded where great distances could 
be, and were traversed by travellers. Large areas are commonly 
frozen for nearly three months in the year, the ice on the south 
commonly breaking up in April, while in the Gulfs of Bothnia and 
Finland it may continue until the middle of May. Though the 
Baltic may be, as regards the ordinary acceptation of the term, 
tideless, it is nevertheless liable to those local changes level which 
are due to the pressure of powerful winds blowing for a time from 
particular points, and it is described as often vexed by such winds. 
Ice, therefore, around the shores of its numerous islets and uneven 
coasts, may often be broken up, particularly towards the warmer 
weather, witli shingles from the sliore, and fallen fragments from 
the cliffs in and upon it, and be transported seaward, the shingles 
and pieces of rock being there deposited, and thus adding gravels 
and distributed angular fragments to and among the more common 
accumulations formed in this sea, the depth of which varies from 
shallows, backed by marshes, to two localities on the south-east 
where the line gives respectively 110 and 115 fathoms of water.* 

The Gulf of Mexico, its waters forced up by the pressure acting 
from the Atlantic through the Caribbean Sea,*^ may, for geological 
purposes, be considered as a tidelcss sea, with, among others, a 
great river, the Mississippi, delivering matter in solution and 
mechanically suspended into it. The great movement of water 
coming round the Cape of Good Hope from the Indian Ocean, a ad 
considered as a constant current produced by the trade winds, 
assisted by the motion of the earth, sets from the Ethiopic Sea, 
united with an equatorial current of the Atlantic, across th^^ccan, 
against the West Indian islands. This pressure forces a^Rstant 
stream of water into the Mexican Gulf, by the western side of the 

presence of naphtha, which abounds in some localities on its shores. The basin of 
the Caspian appears of very unequal depth, this varying from the steep coast extend- 
ing from the Balkan Bay to that of Mortroi Kultyuk - off which a line of 450 fathoms 
does not reach the bottom in some places- to long-continued, very shallow shores in 
others. 

* The general depth has been estimated at 60 fathoms. 
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Yucatan Channel, with commonly a reflow close to Cape Antonio, 
at the west extremity of Cuba. Thus pressed up, the waters 
escape between Cuba and the Florida reefs in the current known 
as the Gulf Stream ;* so that the waters in the Gulf of Mexico 
form a kind of comparatively tideless sea, in which deposits arc 
effected much as in the Mediterranean. Though other rivers throw 
detritus into this area, collectively of much importance, the 
Mississippi is that, by its additions to the land, and by the discharge 
of matter mechanically suspended in its waters, which is the most 
important. The following is a plan (fig. 59) of the very charac- 
teristic advance of deposits from this river into the waters of the 

giJf- , . . • 

The manner in which the main channel is bounded by lines of 
bank, rising above the sea, towards its final outlet, well marks the 
retardation produced by tlie friction of the banks as tliey arise. 
The various lakes, with the cross channels, are also highly illustra- 
tive of this order of accumulation. 

As might be anticipated, when tlie fall of the Mississippi, during 
its greatest floods, is estimated at only one inch and a half in a mile 
between New Orleans and the sea, a distance of about 100 miles — 
while, when its waters are low, the fall is scarcely perceptible 
for the same distance — little mineral matter can be carried 
seaward in mechanical suspension, beyond that which, when de- 
posited, would form silt, mud, or clay. This great river, therefore, 
now throws little other than fine mineral matter into the Gulf of 
Mexico, that which rises by accumulation above the surface of the 
sea being liable to be sifted by the shore waves, as at the mouths of 
the Nile. •A vast mass of this fine sediment must have been thrown 
down, and is now accumulating in the Mexican Sea; the chief 
addition to such mass of mud or clay, independently of the hard 
remains of fish, crustaceans, and molluscs, being wood, the trans- 
port of which down the Mississippi and its tributaries is most 
abundant. Not only is this wood arrested in its progress in various 
places, or entangled among the channels of the delta, but much of 
it passes out seaward. Millions of logs and trunks of trees arc 
transporBl^ several miles outwards during floods, so that it becomes 
difficult to navigate among thcm.t 

* The breadth, length, and velocity of this long-celebrated current wouhl appear, 
to vary. Winds often atfcct it, diminishing its breadth and augmenting its velocity, 
<»r nugmentingdts breadth and diminishing its velocity. 

t Captain Basil Hall, Travels in North AmericOy vol. iii. 
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CHAPTER VI. 


DISTIUBUTION AND DEPOSIT OF SEDIMENT IN TIDAL SEAS. — BARS AT RIVER 
Mourns.— RISE AND INFLUENCE OF THE TIDES. — DEPOSITS IN ESTUARIES. 
— DELTA OF THE GANGES— OF THE QUORRA. — DEPOSITS ON THE COAST 
NEAR SWANSEA. — INFLUENCE OF WAVES. — FORM OF THE SEA-BED ROUND 
THE BRITISH ISLANDS.— INFLUENCE OF CURRENTS.— SPECIFIC GRAVITY 
OF SEA WATER.— DISTRIBUTION OF SEDIMENT OVER THE FLOOR OF THE 
OCEAN. 

Upon the coasts of the continents and of islands amid the ocean 
waters, not only is there a rise and fall of the sea-level twice in 
each day, but the river waters discharged into the ocean are, for 
the most part, ponded back by each rise of the tide, to be let loose 
at its fall with so much of the sea water as had been forced up the 
river channels during the flood tide. Here we have a very material 
modification of the discharge of the matter, either in solution or 
mechanically suspended in the rivers, as compared with its delivery 
into tideless seas by them. According to the varied character of 
the rivers where they discharge themselves into tidal seas; as 
regards the greater or less amount of water in them at different 
times ; the kind of (jpast at their embouchures ; depth of water, 
exposure to prevalent winds, and other conditions ; so, no doubt, is 
the delivety of these waters modified ; but in all they are exposed 
to checks from the rise of tide at their mouths. The opposition of 
the sea to the rivers at the height of the tide necessarily varies 
with the change from neap to spring tides ; the amount of check 
which the sea gives to the outflow of the fresh water, thus alter- 
nating, on the minor scale ; though, as a whole, a very constant 
effect is produced, the greatest resistance being offered at the 
heights of equinoxial spring-tides. 

From the check thus given to the discharge of waters containing 
matter in mechanical suspension, or pushed forward by rivers in 
their channels, there is a tendency to form accumulations across the 
course of rivers, commonly known as bars. These will be found to 
occur variably, according as the real mouth of the river may be 
high up a deep branch of the sea (or in other words, where the sea 
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level may cut high up a valley or depression, which thus becomes 
partly subaerial, partly submarine), or be situated on the general 
unbroken line of* a coast, even, perhaps, protruding beyond it, into 
shallow water. It will soon be perceived that the breakers become 
important aids in the accumulation of bars according to such 
conditions; having little influence high up an arm of the sea, 
particularly where tlie channel is narrow, but assisting most 
materially in their formation wlien acting upon an exposed coast, 
more especially if the mouths of the rivers be open to strong and 
prevalent winds. This combination of checks given to waters 
pushing forward and carrying detrital matter in mechanical sus- 
pension, and by breakers striving again to thrust back that matter, 
produces bars at the mouths of many rh ers, alike important as 
regards the subject under consideration, and the intercourse of 
nations. 

The effects of tidal action in, for the time, arresting the outflow 
of rivers, will much depend upon the heights which the tides, on 
the average, attain ; and it will readily be seen that, acording to 
the obstacles opposed to the tidal wave, and the form of the shoies 
against which it moves, will be the change of sea level between 
high and low water. In the open ocean, where the tidal wave 
meets with, comparatively, little opposition, we find the differ- 
ence of the sea level at high and low water far less than among 
funnel-shaped channels, and other favourable combinations of 
coast. Thus, while among the eastern Polynesian islands in the 
Pacific Ocean the tides rise and fall about 2 or 3 feet,* and in the 
Atlantic from 3 feet at St. Helena, and 4 to 6 feet at the Cape de 
Verde Islands, to 8 or 9 feet at Madeira, the equinoxfal spring- 
tides in the Bay of Fundy rise from 60 to 70 feet.f 

An observer need not travel from the shores of the British 
Islands to study the dependence of the rise and fall of tide upon 
local conditions: many situations will afford him the requisite 
opportunities. The Bristol Channel, since it fairly faces the tidal 


♦ According to Mr. Dana (Geology of the United States’ Exploring Expedition, 
1838-42, p. 26), the tides rise only 2 or 3 feet through the eastern part of Polynesia ; 
at Samoa 4 feet ; at the Feejce Islands 6 feet ; and at New Zealand 8 feet. 

t A glance at the map will show how favourably this bay is situated for receiving 
a body of flood tide driven up between Cape Cod (Massachusetts), and Cape Sable 
(Nova Scotia), and forced onwards into Chignecto and Mines Bay. Though there is 
a very considerable bay between Gaspc Bay (Canada) and the North Point (Breton 
Island), on the north of the narrow isthmus separating Nova Scotia from New Bruns- 
wick, neither its form, nor the set of tide into it, cause a rise of w^ter beyond about 
eight feet. There is, therefore, from locol causes, a difference of high water, on 
either side of this narrow isthmus. 
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wave coming from the Atlantic, may be taken as a good example 
ol‘ a considerable rise of* tide produced by the narrowing of an arm 
of the sea. Though strictly not an unmodified ocean tide, since 
the wave has to pass over nearly 300 miles of soundings, within 
the edge of the 100 fathoms line, before it strikes the Land's End, 
the change from the rise of 18 or 20 feet at St. Ives, Cornwall, to 
that of 46 to 50 feet at King Road (Bristol) and Chepstow, is 
striking ; more particularly as the tides of 30 feet at Lundy Island, 
and 36 feet at Minehead, show this rise to be gradual. From the 
increasing elevation of channel, and friction, beyond Chepstow and 
King Road, and the withdrawing of the tidal pressure from behind 
when the ebb begins seaward, the height of tide soon decreases up 
the Severn. The tidal waters, however, so suddenly check the 
discharge of the river waters, that the latter are as suddenly forced 
back, the flood-tide rushing forwards in a great wave commonly 
termed the hore^ and causing an instant rise of several feet in the 
lower part of the river, gradually fining off to the termination of 
all tidal action in the Severn.* 

The annexed plan (fig. 60) will illustrate the example here 


Pig. 60. 
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given. At a the tidal wave begins to be higher than in the open 
sea. At b its elevation is Increased from the decrease of the depth 
and breadth of the channel ; and at <?, from similar causes, the height 
of tide is still greater. We may assume, for illustration, that at d 
the tidal wave becomes most elev^ital, and that afterwards, towards 
e, from the absence of propelling power beliind, from the actual fall 


* The same sudden rush of the flood, overpowering the ebb in tidal rivers, is observed 
in many other localities. The bore-ware up the Ganges is described as so rapid, that 
it scarcely takes four hours passing up a distance of nearly seventy miles, sometimes 
causing an instantaneous rise pf five feet of tide at Calcutta. The boats on the shore 
on wliich it breaks take to the middle of the river for safety on its approach. A con- 
siderable bore-wave is stated to be observed at the mouth of the Maranon, or 
Amazons, during the equinoxes. The chief wave is from tw^elve to fifteen feet high, 
followed by three or four others. Its advance is very rapid, and its course is stated 
to be heard at the distance of tw^o leagues. 
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of water on the ebb towards (?, b, and a, and from th(‘ general rise 
of the channel, the tidal wave becomes less and less felt, until at/, 
its effect entirely ceases. The bore will depend upon local causes ; 
but under the conditions noticed, the sudden check to the outflowing 
river, and corresponding sudden rise from the inflowing flood-tide, 
are not unfrequent, though the bore may not always be sufficiently 
important to arrest attention. 

The English Channel affords us another good example of a con- 
siderable rise of tide produced by local obstacles, and the more 
instructive, as this rise does not extend acrass to the oppose coast, 
as is the case in the Bristol Channel. On the French side, the 
land of the Cotentin, terminating with Cape La Hogue, and the 
islands of Alderney, Guernsey, and Jersey, with the multitude ol‘ 
isles, islets, and rock, in the Bay of St. Malo, oppose a direct ob- 
stacle to the progress of the tidal wave coming from the Atlantic, 
while the English coast presents no such obstacle. In consequence, 
the sea level at high water is raised higher on the one side than on 
the other; and while the tides only rise 13 feet at Lyme liegis, 7 
leet in Portland Road, 15 feet at Cowes, and 18 feet at Beaehy 
Head, the difference of high and low water is 45 feet between 
Jersey and St. Malo, and 35 feet at Guernsey. 

Not only are there these differences in the rise of tide from local 
causes, but the relative direction of the flood and ebb, witli their 
consequent currents, also vary materially in some' situations. 
Thus, at the Land’s End the flood-tide runs 9 hours to the north, 
and the ebb 3 hours to the south ; and numerous other modifi- 
cations of the same kind, wliere the times of flood and ebb are 
different, are to be found on the coasts of the British Ishmds. 

As regards the distribution of detritus by tidal streams, the 
direction of the latter will not only be found to change consider- 
ably during the progress of thellood or ebb, as the case may be, ofl‘ 
many parts of coasts, but the ebb very frequently commences on 
shore, while a flood-tide is continued in the offing.* 

As so much, not due to the friction of tidal streams on coasts has 
been attributed to it, instead of to the action of breakers — a de- 
structive action more particularly felt when strong on-shore winds 
and high tides are combined — ^it would be well for an observer to 
study the velocity and transporting power of tidal waters on the 

♦ It has been held that “ the length of time between the changes of tide on shore 
and the stream in the offing is in proportion to the strength of the current and the 
distance from land ; that is, the stronger the current, and the greater distance that 

current is from tlic land, the longer it will run after the change on the shore.” 

Purdt/j Atlantic Memoir. 1829 . 
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sea-shore. Those who dwell on, or visit, the coasts of the British 
Islands, where, fortunately, so many modifications in tidal streams 
may be more or less easily studied, will soon learn properly to 
estimate the value of tidal friction on land. 

With respect to the tides around the British Islands, those flow- 
ing amid the Orkney and Shetland Islands, and through the 
Pentland Frith, between the mainland of Scodand and the former, 
would appear to be among the strongest They vary ecmsideiably 
in force, according as they are neap or spring tides. White in 
Stronsa Frith and North l^naldsha Frith the former only run at 
the rate of 1 J mile in the hour, the latter make a stream of 5 miles 
an hour. In the Pentland Frith, the spring-tides are stated to 
have a velocity of 9 nautical miles an hour, while at neap-tides 
they do not exceed 3 miles.* 

^und the more prominent headlands, the tides, as we might 
expect, run with greater velocity than in the bays on each side of 
which they project, or in the offing outside. The tidal wave 
striking the headlands, and rising locally from this opposition, 
escapes round to the next bay, thus causing an accelerated sti'eam 
t)f tide for a short distance. The friction of the water on the land 
is, however, commonly sufficient very materially to diminish the 
strength of the stream iu immediate contact with it ; so that, in 
calm weather, when the force of the tide is neither impede^nor 
accelerated by the force of opposing or favouring winds, chaff 
or other light bodies thrown into the sea, will be seen to pass in a 
comparatively slow course along shore, while a strong stream of 
tide is running outside. 

How Ifttle friction takes place in such situations may often be 
wcl^een by the presence of a coating of barnacles, or of sea- weeds, 
cvemiipon steep headlands, though exposed to the action of breakers, 
these being, off such deep-water headlands, commonly unaideil in 
their action by sand or gravel in mechanical suspension. It is 
desirable that the observer should carefully watch the shores of any 
district he may be examining, with respect to tidal friction, during 
calm weather, and from neap to spring tides. Except in the most 
exposed situations, he may perceive how rarely even grains of sand, 
much less small loose shingle, can be moved by any stream of tide 
in contact with the coast. 

* The flood-tide there comes from the north-west, and is not of unusual strength 
until it meets with the obstacles of these islands and the mainland. The change of 
tide sooner on shore than at a distance from it, varies according to sitiiatioo, amount- 
ing in some places to tv^o or three hours. 
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The retarding ciFect of friction on tlie headlands is often well 
exhibited near the strong streams of tide off tliem, known as 
so dangerous^ frequently, when opposed to powerftd winds. Though 
the tides run in such situations with the greatest force of the local- 
ity, and the waters are thrown about in various directions, it often 
happens that, between the race and the headland, there is more 
quiet water, sufficiently broad for the passage of a boat in moderate 
weather. 

Tidal waters rush with great force through channels formed 
between the horns of great bays and islands at a short distance from 
them ; such is the case with the horns of Cardigan Bay and of St. 
Bride’s Bay on the south of it, as shown in the follow , ng plan 
(fig. Cl), where a represents Cardigan Bay, and b St. Bride’s Bay. 

Fig. 61 . 



Foul rocky ground extends from the Smalls Light, /, to Skomcr 
Island, c ; between which and the mainland there is an exceedingly 
strong tide sweeping close to the cliffs. Supposing this to be a flood- 
tide, its force is diminished and almost lost in St. Bride’s Bay, b. 
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This bay receives the flood-tide, not only through this channel, 
but also directly from the Atlantic ; its flow over the foul ground 
between the Smalls Light and. Grasholm, and thence to Skomer, 
being marked by broken water. Part of the tide driven into St. 
Bride's Bay escape^ with much force between the mainland and 
Bamsay Island, and round the latter and the rocks and islets known 
as the Bishop and his Clerks, d, into Cardigan Bay. The latter 
also receives an abundant supply of the tidal wave direct from the 
Atlantic; and the flood passes with great strength between its 
northern horn and Bardsey Island, e. 

In the chief channels noticed, no doubt little comparatively fine 
sedimentary matter could rest in the run of such tides, and any 
that might be thrown down by the eddies of one tide would probably 
be removed by the reverse action of the other ; but these effects 
would be very local. That hard rocks readily resist such friction 
is well shown in the localities mentioned, barnacles and sea-weeds 
being commonly discovered on the sides of the channels at low water. 

It will be at once perceived that the flood-tide passing up rivers 
would act very differently, according as the channels were conti- 
nued deep outwards, or crossed by bars accumulated at their mouths. 
In the former case, the sea waters being specifically heavier 
than the river waters, as it were, wedge up the latter, discharging 
outwards, until the levels are so changed that the whole body of 
tidal water is driven inland, forcing and ponding back the fresh 
water.* In the more favourable situations of this kind, therefore, 
where great floods arc running down a river, the heavier waters of 
the first of the flood- tide may be passing up the river while the 
lighter \^aters above are running outwards. In bar rivers the sea 
waters pour over the bars, and, if the channels be afterwards shallow, 
drive the river waters at once before them, while, if behind the bar 
there be water of much greater depth, as sometimes happens, the 
heavier sea waters first flow into the basin and raise the waters in it, 
so that when sufficiently elevated with the increasing tide, the 
whole passes up the river with the flood-tide, forcing back the fresh 
water. Between the action of the tide in such rivers as the St. 
Lawrence,t with its open estuary or arm of the sea, and the Ganges 

* The passage of river waters outwards during freshets, from heavy rains in the in- 
terior, while the flood-tide waters are flowing beneath in a contrary direction, may 
occasionally be seen well shown when largo vessels are at anchor in an estuary, as, 
for instance, in the llamoaze, Plymouth, riding with their heads to the flood-tide, 
being sufficiently deep in the water to be influenced by it, while small boats, secured 
alongside, ride with their heads in the contrary direction, the outflow of the higher 
and fresh water alone acting upon them. 

t The St. Lawrence aflbrds a good example of the greater Velocity of an ebb over a 
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and Quorra, the deltas of which protrude into th(‘ ocean, the one in 
the Bengal Sea and the other in the Gulf of Guinea, every mcKlifi- 
cation will be found in Uie tidal rivers of the world. 

While checked by the flood-tide, the waters of estuaries will de- 
posit such of the matter, which they may hold in mechanical sus- 
pension as the time will permit, and according as the estuary waters 
maj or may not be agitated by the firiction of the winds. Slight 
observation is sufficient to show that highly-discoloured water is 
commonly found in estuaries, and that this is borne upwards and 
downwards by the tides, escaping seawards during the ebb in some 
estuaries in one direction, while the rivers add detrital matter to 
these bodies of water in othera In estuaries like the Severn, at 
the head of the Bristol Channel, the muddy water is carried back- 
wards and forwards with such rapidity that it is only in the sheltered 
nooks and situations that it can And rest sufficient to deposit fine 
sediment, including among them the shores where retardation by 
friction also produces a sufficient state of repose during the tides.* 
Many minor estuaries round the coasts of the British Islands show 
the filling up, not only of the sheltered places on their sides, but 
also of their upper parts, where detrital matter is gradually accumu- 
lated. If the course of the river has not been long through a level 
country, the deposits at the heads of estuaries may even be gravelly, 
while mud only is accumulated in the sheltered bxjalitics. If the 
annexed plan (fig. G2) represent one of these estuaries, then it will 


Fig. 62. 



usually be observed that the accumulation at the head o is more 
^velly or sandy, particularly in its lowest parts, than in the sheltered 
situations, a and 6. At c we have not only the heavier matter 

flood-tide in an estuary. Where the ebb from the Saguenay unites with that of the 
St. Lawrence, it passes outwards with considerable strength, and is stated to run seven 
nautical miles per hour between Apple and Basque Isles. While the ebb is thus 
strong, the stream of flood-tide is scarcely perceptible. 

♦ The difierence of the friction on the sides of these estuaries, where mud is de- 
posited, and more outwards in the stream of tide, is commonly well shown by the 
sandy bottom under the latter, the friction of the water being too great to permit 
flner sediment to remain In such situations. 
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thrown down by the check of the tide there felt, but also all the 
detritus which can be pushed along the bottom by the river d, during 
the ebb of the tidal waters, and during the common discharge of 
the river water when the tide has Mien, a combined time in some 
localities equal to nine and ten hours in each twelve. At a and b 
the fine sediment is commonly accumulated to the level of die 
highest ordinary spring-tidea 

In estuaries of this class we should antimpate that there would 
be much gmn of land where the discharging riven entered tlmm*. 
and* accordingly, in such ntuations we ofien find extenave marshes 
and fiats, which would justify this expectaticm, even if historical 
evidence could not be adduced. Of such evidence, however, there 
is commonly no want, and the heads of many estuaries around the 
British Islands, and along the ocean coasts of Europe, are known to 
have become more shallow and even to have moved further outwards, 
dry land supplying the place of marshes, and mud banks, within 
historical timca* 

The mouths of the Ganges, extending across a distance of about 
two hundred miles ffig. 63 ), furnish us with the discharge of de- 

Fig 63. 



trital matter into a tidal sea of a different character. Here the 
abundance of the outflowing waters, particularly during floods, is 
sufficient to carry out a delta, more resembling those observed in 
tideless seas. In times long since passed, the Ganges may have 
diseharged itself into an estuary, as far northerly as the com- 

These changes produced, independently of sea banks raised to keep out the 
tides. 
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menceinent of its delta, now mote than two himdted miles from 
the sea, and into the same estuary, the Brahmaputra may have 
delivered its waters, these two great drains of land extending to the 
Himalaya mountains liaving gradually filled up such an estuary , 
by depositing the matter transported mechanically in, or swept on- 
wards by them. Coarse gravel is not forced forward by the Ganges 
within four hundred miles of its mouth, so that the sedimentary 
matter discharged into the sea is of a finer character. To this dis- 
charge, both by friction on the bottom and in mechanical suspension, 
checks are offered by the tides ; but the body of fresh water is so 
considerable, as compared with such checks, that the sedimentary 
deposits rapidly gain upon the sea, notwithstanding that the general 
depth beyond the mouths of the Ganges is by no means incon- 
siderable. Innumenible changes in the direction of the various 
streams into which the delta is divided are produced Inland.* 
The course of this river is described as affording good examples, (m 
the great scale, of the alterations of channel, from the accumulation 
of banks upon small obstacles, to Ix^ equally well studied, as regards 
general principles, in hundreds of little streams. Thus a tree ar- 
rested in its course will pnKluce an accumulation, gradually rising 
into an island, to be again swept away by another change of 
channel. 

The great body of fresh water discharged by the Ganges in flocxls 
seems, to a great extent, to overpower the influence of the tidal 
wave, so that detrital matter then becomes accumulated more in 
the manner of the Nile, Rhone, Volga, and other great rivers, dis- 
charging themselves into tidclcss seas.t At the junction of the 
Ganges and Brahmaputra, below Luckipoor, tliere is a large gulf 
in which the water is scarcely brackish, and during the rainy season 
the sea is stated to be overflowed by fresh water for many leagues 
outwards. 

In the Quorra we have an example of* a similar kind, and a vast 

* Major Rcnnel states that during the eleven years he remained in India, the head 
of the Jellinghy river was gradually remove*! three-quarters of a mile further down. 
He observed also, that “ there are not wanting instances of a total change of course 
in some of the Bengal rivers. The Cosa (equal to the Rhine) once ran by Purneah 
and joined the Ganges opposite Rajenal. Its junction is now nearly forty-five miles 
further up. Gour, the ancient capital of Bengal, once stood on the Ganges.'*— P/ti7. 
Trans, 1781. 

t The amount of detrital matter borne outwards by the Ganges has been estimated 
at about 2| per cent., and the average discharge of water at .'j00,000 cubic feet per 
second. '—{Gleanings of Science, vol. iii. Calcutta, 1831.) If we take the quantity at 
2 per cent., and consider the transported matter to give 15 cubic feet to the ton, wo 
should obtain 57,600,000 tons per day, equal to a mass of ordinary granite, having a 
base of 1,000,000 square feet, rising to the height of 864 feet. 
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body of fresh water thrusts out a delta iutd tlie oceaiL^ The great 
stream of water is checked, not overcome, in mid-chawel, though 
felt between 30 and 40 miles up the river* In this river, and in 
many other tropical rivers, mangrove-trees add materially to the 
power of forming new land* Wherever sufficient shelter can be 
obtained, they establish themselves in abundance ; their stilt-like 
roots entangling any floating substances washed near them ; produc- 
ing a repose fit for the deposit of the finest sediment, and affording 
shelter to an abundance of reptiles, fish, crustaceans, and molluscs, 
which seek and enjoy the protection they afford. 

When we regard the sea-shores of the world exposed to tides, 
we see a great destructive power in the breakers, as a whole in 
ceaseless action, grinding back and levelling off the land, and 
throwing a mass of matter into the tides sweeping round such 
shores, whicli mass, added to that thrust out of the rivers, has to be 
distributed by the streams of tide and such ocean currents as can 
receive any portion of it. Great rivers, as we have seen, may 
transport matter in mechanical suspension far outwards, particularly 
when swollen by floods, and thus place it within the distributing 
influence of the ocean currents. Through these it may take a long 
time to descend into those quiet depths where it can find a rest, one 
that may continue undisturbed until, perhaps, after a long lapse of 
geological time, the resulting deposit may be upraised, and placed 
within the destructive influences of the atmosphere and surface 
waters. 

Wlien detrital matter is thrown into the tides, it is borne to and 
fio by them, according to their flow and ebb, and the observer will 
have abtindant opportunities of seeing on the coasts of the British 
Islands, and on the ocean shores of Europe, that the river watei*s 
when swollen by rains, bear outwards with the ebb, and in the 
direction tliat it takes along shore, much meclianically-suspended 
detritus, which does not again enter the rivers unless under very 
favourable circumstances. As a whole, much fine detritus, thus 
derived, is carried coastwise by the ebb, and accumulations are 
formed of it, if there be sufficient continued repose in that direc- 
tion, So that should a sheltering headland run out, and a bay 
be formed between it and the embouchure of the river, there is a 

* Alluvial land is described as forming into flat islands, covered by mangrove-trees 
and papyrus. These are sometimes so acted upon by floods as to be partially or 
wholly swept into the ocean. Professor Smith noticed a floating mass, pi-obably 
washed out of the Congo, about 120 feet long, consisting of reeds resembling the 
Donajc and a species of Agrostis, among which branches of Ju»ticia were still grow- 
ing, further north off the coast of Africa. - - Expedition to the Zaire or Congo^ 
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tendency to deposit the liner sediment in the locality so sheltered. 
We may take the coast ol‘ Swansea as ulFording an oiusily-observed 
instance oi‘ the separation so allectcd. 

Two rivers, a and b (fig 64), the Tovvey and the Medd (Meath), 

Fig. C4. 



when in flood, bring down much sedimentary matter, the finer 
parts of which are carried by the ebb tide (^ ^ t) towards the bay 
formed between Swansea (c) and the Mumbles (d). Here finding 
the necessary repose, the prevalent winds (w) blowing from the 
west and south-west, a part is deposited and mud is accumulated, 
the remainder of the detrital-lx^ing waters, escaping round the 
Mumble Rocks (e) into the general ebb tide passing westwards 
down the Bristol Clmnnel. While this happens with the finer 
sediment, the arenaceous part of the detritus thrust out of the river 
is more quickly thrown down, and a large part of it beconles acted 
upon by the breakers, raised by the prevalent winds, and is forced 
partly into mechanical suspension during heavy gales, and then borne 
in the flood-tides, and partly brushed onwards by the waves, breaking 
upon much flat ground exposed at low water, towards the coast to 
the eastward (f, /). Here the conditions for the accumulation of* 
sand-hills obtain, and the overplus of arenaceous sediment, borne 
outwards by the Towey and Nedd, and not retained by the sea, is 
blown by the winds upon the dry land. In this locality, therefore, 
the river-borne detritus, thrown into the tides, becomes in a great 
measure separated, mud being chiefly accumulated in one direction, 
sand in another, a surplus of the latter being restored to the land. 

Though there is a tendency to accumulate the finer river-borne 
detritus in the direction of the ebb tides, this is often met by con- 
ditions so unfavourable to such a deposit that the finer matter does 
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not there come to rest, but is gradually transported outwards to sea, 
and may thus be brought by tidal streams even within the influence 
of ocean currents. On a shallow coast the breakers alone, when 
they can act equally in the direction of the ebb and of the flood- 
tide, prevent the accumulation of the finer sediment, which, in 
consequence, can only find rest by being carried outwards into 
water of the needful depth and tranquillity. 

The abrasion of coasts by breakers being the same, whether the 
tide be setting in one direction or another, as flood or ebb, the finer 
matter is carried in mechanical suspension equally by the stream of 
either along the coasts, finding rest in the situations where conditions 
are favourable, even entering estuaries by the flood*tide, when such 
estuaries occur in the line of its course, the indraught, on the flood, 
carrying it in with the tide. As we have seen (p. 54), the heavier 
parts, such as shingles and small pebbles, are distributed along i^ore, 
and the arenaceous portions, sometimes on the coast, sometimes 
more seaward, according to circumstances. 

The agitation of the sea is felt at different depths in proportion 
to the magnitude of the waves raised by the fnetion of the wind. 
During heavy gales of wind, the depth at which this agitation has 
been observed, sufficient, as it were, to shake up fine sediment 
enough to discolour the water, is about 90 feet.* The disturbing 
effects of waves in minor depths is often well shown on shallow 
sandy coasts by the throwing on shore of many molluscs in a living 
state, known to inhabit the sands at moderate depths. By the agi- 
tation of the sea their sandy covering is removed, and they are 
swept onwards beyond their powers to retain their position at the 
bottom,*and thus become finally thrown out upon the coast. 

Besides the waves seen to arise on the spot from the action of the 
winds, the great indulations wliich are known as mells and rollers 
(so common on ocean shores, and due to the friction of winds out 
at sea which do not reach the land) disturb the sea bottom to a 
considerable extent, so that, both heavy seas and swells combined, 
the finer sediment becomes removed from all but favourable 
situations outwards, and is distributed off the coasts, outside the 
accumulations fringing them, and due to the action of the breakers. 

The flow and ebb of the tides produce a motion tending to smooth 
out and flatten the accumulation of dctrital matter deposited on the 
sea bottom within their influence. The smoothing action no doubt 

* Tho depth at which the disturbing action of a eea-wavo can be felt has been esti- 
mated even so high as 500 feet on the Banks of Newfoundland. Emy, Memvement 
d€» Ondei, 1831, p. 11. 
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varies with the strength of the tides^ as these may be springs or 
so that matter can be brought to rest during the latter^ 
which becomes removed by the superior velocity and volume of 
water of the former; but, as a whole, there arises an adjustment, 
producing a sea bottom of a marked character. The friction of the 
tidal wave on the bottom forms ridges and furrows of the same 
kind with those previously noticed as produced by the winds on 
loose sand (p. 59). Where clear waters prevail, and the ridges and 
furrows are formed by this kind of friction alone, the resemblance 
is veiy striking, allowance being made for the relative weight of 
the particles of sand in the air and in the water. Where waves act 
on the bottom, it would be expected that such ridges and furrows 
would be modified by the to-and-fro action set up, although the 
on-shore might he greater than that of the counter move.nent, in 
proportion as the wave takes the onward force of a breaker, the 
higher part acquiring gradually a greater forward motion as the 
water becomes shallower, and the friction on the bottom becomes 
increased. 

Almost every extensive sandy flat left by the tide, and of such 
the coasts of the British Islands afford abundant examples, shows 
the effects of friction on the sand. An observer should well study 
the various modifications to be seen in such situations, for among 
arenaceous accumulations of all geological ages, the effects of fric- 
tion on sand and silt, by water in motion, is ofkm very evident. 
In many situations peculiar arrangements of the surface sand will 
be observed to have arisen from the draining off of tlie tidal water, 
which has quitted a large tract of sand suddenly. We have thus 
friction on the bottom from the rise and fall ‘of tidal wUters on 
coasts, from the to-and-fro action of waves produced by winds 
(wlicre the depths are favourable), and from streams of tide, 
variable in strength, usually acting in two directions, and often in 
more, from local causes. 

From friction of all kinds much sedimentary matter is so shoved 
and pushed along the bottom in various directions, that from this 
cause alone a great flattening of the surface would be effected. 
If to this we add the deposit of matter borne in mechanical sus- 
pension, and derived either from rivers or the action of breakers, 
we should expect a distribution of detritus which, if raised above 
the level of the sea, would offer the appearance of a great plain. 
The accompanying map (fig. 65) will show the extent of area 
around the British Isl^ds within a line of depth equal to 100 
fathoms (600 feet), and which, if raised above the level of the sea, 
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would present to the eye Utde elM thM a vsst. plain. To fimn 
this great tract of smoothed ground, no ^ubt' letvelling aot^' 
of breakers, cutting back the coasts, must be dufy r^ptrded; so 
that to this action, to that of the seas rolling in various directions, 
according to the winds stirring up the bottom in sufSciently shallow 
places, and to the distributing power of streams of tide, is mainly 


Pig. 65. 



due the present surface of this area,* the extent of which may be 
estimated by the annexed figure (fig. 66), representing 1000 
square miles, on the same scale as the map (^fig. 65). 

• Always bearing in mind that there is a base beneath of tertiary and other rocks 
over which the sands and mad are at i)rcseut strewed, and which may here and there 
be still uncovered. In many a situation, a minor area, plaiied down by the action of 
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Fig. 66. 

□ 

It is worthy of remark, that if, instead of the line ol 100 fathoms 
beneath the sea, that of 200 fathoms had been selected, the second 
line would not have extended far beyond the first, tlic slope in- 
creasing &r more rapidly outside the 100 fathom line than within it, 
so that, after preserving a very gentle slope, as a whole, outwards 
for the great area represented above (fig. 65), the bottom of the sea 
descends much more suddenly beyond it towards the Atlantic/ 

Slight attention on the coasts wiU show that the water moving 
past them in a stream from tidal action travels backwards and for- 
wards a somewhat limited distance, so that any detritus held by it 
in mechanical suspension, and eventually thmwn down from such 
suspension, could only be deposited withni a limited area, when no 
dis^bing causes interfered. The water of a tidal stream, passing 
a coast at the average rate of three miles per hour, will only travel 
18 miles, regarding the subject generally, before it is swept back 
again over the same ground for the like distance. Tlie pressure of 
high winds, both on and off a coast, particularly if they be long 
continued, forces water against or away from the land, and so with 
any other direction a surplus of the ordinary body of water may 
take from the friction of the wind. Hence the mere backward 
and forward motion of the same body of water is somewhat modi- 
fied, as also by the great additions made to the usual volume of 
tidal water by the discharge of great floods from rivers, striving ti> 
force their way over coast streams of tide. 

Making, however, all reasonable allowance for these modifying 
influences, there remains enough of continued local action^ pro- 
cure local accumulations of detritus, more diversified in character 
near the coasts than at a distance from them, on account of the in- 
creased velocity of tides immediately off chief headlands, and their 
diminished strength of stream in sheltered bays, not forgetting 
estuaries, with and without bars of different kinds. 

The observer has now to consider the distribution of fine matter 
in mechanical suspension by means of ocean currents. Some of 

the breakers, may yet be kept clean from deposits by local causes. We may probably 
regard the whole area as the result of the cutting back of coasts by breakers, and of 
deposits from the causes pointed out, continued through a long lapse of geological 
time, movements of land, as regards its relative level with the sea, and on the large 
scale, having contributed to its present condition. 

* Here and there, there are minor depressions in this area, and among them the 
trough-like cavities in the North Seas, known as the Silver Pits. The bottom around 
the chief pits is described as rising gradually to it, when suddenly the interior sides 
descend from a few to 40 or 50 fathoms, forming steep interior escarpments. 
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these are known to be very constant in their courses, others periodi- 
cal, and many temporary. We have seen that the pressure of strong 
and long-continued winds forces up water by their friction on its 
surface in tideless seas, and consequently woidd expect that in the 
open ocean similar winds would force water before them, diough 
the absence of land would produce a modification in the result 
When the area so acted upon was bounded by a nngle range of 
coast, the modification would be less ; and whmi two lui^ ^.coast 
presented themselves, between which the water could be 
and lateral fiill prevented, there would be an approximation to the 
efiects observable at the north and south extremities of the Caspian, 
or on the cast and west shores of the Black Seas, where the rmters 
are pressed forward by the needful winds. 

Independently of the pressure on the surfiice of the sea by winds 
either constant or nearly so, periodical or temporary, it luas been 
supposed that the motion of the earth gives a certain movement to 
the waters of the ocean from east to west, thus increasing the power 
of some currents, due to the surface action of winds, and interfering 
with the movement of others. To the motion of water firom this 
cause, the continent of America, with South Georgia, South Orkney, 
South Shetland, and the icy regions extending to Victoria Land, 
would interpose between the Atlantic and the Pacific, and the con- 
tinent of Asia, with the Philippines, Borneo, Moluccas, New 
Guinea, and Australia, would oppose the westward movement of the 
Pacific, not forgetting New Zealand, and the multitude of islands 
and islets of Polynesia in that ocean. 

The more open space for this supposed movement would be from 
the In£an and Southern Oceans into the Atlantic, the coast of 
Africa not offering it opposition beyond the latitude of 35° south. 
A constant current does run out of the Indian into the Atlantic 
Ocean, flowing up the west coast of AfHca, to the equatorial regions, 
whence it strikes over to America, ponding up the water in the 
Gulf of Mexico. It has been inferred that this current is partly 
due to the motion of the earth, and partly to prevalent winds, 
those known as the Trade Winds especially driving the waters in 
the same direction. 

The current into the Atlantic sweeps round the southern ex- 
tremity of Africa by the Agulhas or Lagullas Bank, the soundings 
on which give mud to tlie westward of Cape Agulhas, and sand, 
containing numerous small shells, to the eastward. It might hence 
be assumed that this current acted upon the bank at a depth of 
360 or 420 feet, sweeping off the finer sediment firom the side 
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exposed to its force, and parting with it in the more still water 
behind it. A mass of water is inferred to run up the west coast of 
Africa, from the Cape of‘ Good Hope (between the coast and the 
waters of the adjacent ocean), 60 miles wide, 1200 feet deep, and 
of the mean temperature of the ocean, at an average rate of one 
mile per hour.* There are counter currents,t and the main cur- 
rent is considered to extend, as regards surface, to a comparatively 
moderate distance from the land. As a whole, this current reminds 
us of a body of water in movement westward, acquiring additional 
velocity against the southern extremity of Africa, as any minor 
mass of water in movement would against a common projecting cape 
or headland. We may regard another great Atlantic current, the 
Gulf Stream, as consequent on this main current, after it has tra- 
versed the Atlantic to the West Indies. Escjaping from the Gulf of* 
Mexico, as previously noticed (p. 74), the Gulf Stream waters flow 
northerly, a part passing off to the eastward, after passing the 
Straits of Florida, probably to equalize the general levels in that di- 
rection. As to the extent and velocity of the Gulf Stream, the 
contradictory evidence is sufficient to show that both arc occasionally 
much modified. The winds, by their friction, necessarily affect the 
course of the stream, according to their duration, strength, and di- 
rection. In mid-channel, in the meridian of Havanna, the velocity 
is estimated at 2i miles per hour ; off the most southern parts of 
Florida, and about one-third over from the Florida Reefs, at 4 miles 
an hour. The stream is considered to range, in the meridian of* 
57® W. to 42® 45' N. in summer, and to 42® N. in winter. A 
reflow, or counter current, sets down by the Florida Reefs or Keys 
to the S.W. and W.J 

Other currents are known in the Atlantic, such as that coming 
out of Baffin's Bay, through Davis's Strait, § considered to join 
the Gulf Stream, the united bexly of water crossing over to the 

♦ Sir James Ross. Voyage in the Southern and Antarctic Regions, vol. i. p. 35. 

t Close to the shore there is an eastern current. The survey of the const of Africa 
to the east of the Cape of Good Hope, was made by Captain Owen, with the assistance 
of this current, against the force of the trade wind. Captain Horsburgh mentions 
having been carried by the eastern current, on the south of the main western current, 
at the rate of 20 to 30 miles in the 24 hours, and, in two instances, at the rate of 60 
miles in the same time. 

t Many small vessels are stated to make their passage from the northward by the 
aid of this counter current. 

§ This current, commonly known as the Greenland Current, sets southerly down 
the coast of America to Newfoundland, bringing down large icebergs beyond the Great 
Bank. The velocity was found, by Captains Ross and Parry, to be 3 to 4 miles per 
hour in Davis s Strait. Off the coast of Newfoundland, it sometimes flow’s at the rate 
of 2 miles an hour ; but is much modifled by winds. 
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coasts of Europe and Africa. A southerly flow of water takes place 
from the coast of Portugal towards the Canary Islands, modified by 
the indraught of sea into the Mediterranean. Beyond these islands 
a S.W, current is noticed as probably due to the influence of the 
N. E. trade wind. 

Constant currents are also mentioned in the Pacific. Currents 
are described as setting off the Galapagos to the N.N.W., and at 
Juan Fernandez, and 300 leagues to the westward of it to the 
W.S.W. (16 miles per day). Great quantities of wood are drifted 
from the continent of America to Easter Island by a stream of water 
passing in that direction. Between the Sandwich Islands and the 
Marquesas, currents have been found flowing westward at the rate 
of 30 miles per day. Among the Philippine Islands a current 
comes from the north-east, and runs with considerable force among 
the passages, dividing them from each other. Various other currents 
in the Pacific have been noticed. There are two, however, de- 
serving of attention, inasmuch as one, flowing northerly through 
Behring's Straits, is thought to proceed eastward along the north 
coast of America,* and the other, passes round Cape Horn to the 
eastward for the greater part of the year.f 

In the China and India Seas we find good examples of periodical 
currents. The water moves from the ocean into the Red Sea from 
October to May, and out of that sea from May to October.^ In 
the Gulf of Manar, between Ceylon and Cape Cormorin, the current 
flows northward from May to October, setting the remaining six 
months to the S.W. and S.S.W. In the S.W. monsoon, the 
current between the coast of Malabar and the Lakdivas sets to the 
S.S.E TOth a velocity varying from 20 to 26 miles in the 24 hours. 
The currents in the China Seas, at a distance from shore, commonly 
flow, more or less, towards the N. E. from the middle of May to the 


* Kotzebuo describes this current os setting through Behring's Straits with a ve- 
locity of 3 miles an hour,' to the N.E. 

t This current has been doubted ; but as there is a prevalence of sti'ong westerly 
winds round Cape Horn, during the greater part of the year, the statement that there 
is such a current may be considered probable. A bottle, thrown overboard by Sir 
James Ross, near Cape Horn, was afterwards found near Port Phillip, Australia, having 
passed eastward about 9000 miles in years. Allowing 1000 miles for detours, this 
would be a rate of about 8 miles per day. It was Sir James Ross’s practice, upon 
throwing bottles overboard, to load all but those intended for the surface, so that they 
took different depths. As sand was not stated to be found in this bottle, it was in- 
ferred that it was a surface bottle ; hence the winds alone had much influence on 
its course. 

t A current commonly flows from the Persian Gulf towards the ocean, during the 
whole time that the water runs into the Red Sea, and flows into the Gulf from May to 
October. 
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middle of August, taking a contrary direction from the middle ol' 
October to March or April. Their strength is most felt, as might 
be j^tampated, among &e idands and shoals.* 
x respect to temporary ouxzenta^ they axe found to be innu* 
iper^e ; severe gales of wind, of long duration, readily forcing the 
surfikce water before them. Among ohanneb and along coasts these 
are chi^y Ht, the two boundary shores or the tingle coast opposing 
tiie fiirther rise of water, and throwing them ofi' in the manner of 
tidal waves. 

While considering tire movement of the ocean waters, the observer 
should not neglect any change in their position which may be due 
to their relative specific gravities. Experiments upon fresh water 
in lakes long since showed that a body of the heaviest watcf , that 
approaching towards a temperature of about 39° • 5 or 40°, remained 
at the bottom undisturbed,t except by the influx of river waters, 
charged with detritus, which forced their way, spreading mud be 
neath them (p, 43). The researches of Sir James Eoss in the South- 
ern Seas have shown that in a similar manner water of a certain 
temperature, namely, of about 39° "5 Fahr., remains at the bottom, 
either colder or warmer water, as the case may be, floating above it. 
From many observations made, it was inferred that a belt of this 
water of a given temperature rose to the surface in southern 
latitudes, of which the mean is estimated at about 56° 26', the 
whole body of ocean water in that circle being of this uniform tem- 
perature from the surface to the bottom, while on the north, towards 
the tropics and equator, water of a higher temperature floated above 
it, and on the south, that of a lower temperature. J Thus, consider- 
ing the like belt of uniform temperature to appear in such ’parts of 


♦ The strongest currents in these seas are experienced along the coast of Cambodia, 
during the end of November. They run with a velocity of .50 to 70 miles to the 
southward, in the 24 hours, between Avarilla and Poolo Cecir da Terra. Some 
parts of the stream setting into the Straits of Malacca, cause the tide to run nine 
hours one way and three hours the other. 

t In 1819 and 1820, the author made experiments on the Lakes of Geneva, Neu- 
ehatel, Thun, and Zug, with a view of investigating this subject. An account of these 
experiments was published in the “ Biblioth^ue Universelle** for 1819 nnd 1820. It 
was found that, in the Lake of Geneva, the water, in September and October, 1819, 
had a temperature of 64® to 67® Fahr., from the surface to the depth of 1 or 5 fathoms, 
and that there was a general diminution of temperature downwards to 40 fathoms. 
From 40 to 90 fathoms, the temperature was always 44®, with one exception, when it 
was 45® at 40 fathoms. From 90 fathoms to the greatest depths, which amounted to 
164 fathoms, between Evian and Ouchy, the temperature was invariably 43®*5. After 
the severe winter of 1819-20, the same temperature continued beneath. Experiments 
on the Lakes of Neuchatcl, Thun, and Zug, alike pointed to water of a temperature 
approaching to the greatest density of water, between 39® and 40®, being at the bottom. 

X The following were the observations on which Sir James Ross founded his view of 
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the northern hemisphere as is covered by the ocean/ there would 
be, where land did not occur, three great thermic basins, two towards 
each pole of the earth, and a middle trough, or belt through the 
centn^ part of which the equator would vpass* Sir James Boss 
points out that in hL 45^ S*, the temperature of has de* 
scended to 600 &thoms, increasing ie depth in the equatoial and 
tropical regions to about 1200 fathoms, the temperature c£ the 
surface in the latter being about 78^t On the south of the belt of 
uniform temperature, the line of 39°* 5 is considered to descend to 
750 fathoms in lat. 70®, the surface being there at 30® Fahr* 

To estimate a movement which might be produced by the settle^ 
ment of any water of the density of 39® *5, striving to occupy an 
equal depth beneath those of inferior weight, either of greater or 
less temperature, as the case might be, to the north and south of 
these belts of uniform temperaturp, supposing that some approxi- 
mation to such a belt was to be found in the northern hemisphere, 
we should compare the distance from these belts with the depths at 
wliich given temperatures have been observed. This done, we 
obtain for the slope on either side of the southern belt (assuming 
a plane for more ready illustration) of about 1 in 1723 to the 
1200 fathoms of 39® *5 beneath the equator, and of about 1 in 
1136 to the same temperature beneath 750 fathoms in 70® south 
latitude. So small an angle, with a change of temperature so 
gradual, could scarcely be expected to produce a lateral movement 
in the mass of ocean waters of geological importance. J 


the position of this circle, the water being ascertained in the localities noticed to have 


the same temperature fr^pi the surface downwards : — 
* Latitude. 

57° 52' S. 

55 09 
55 18 
58 36 

54 41 

55 48 


Longitude. 
170° 30' E. 
132 20 
149 20 W. 
104 40 
55 12 
54 40 


Voyage to Southern and Antarctic Regions, vol. ii. 

* Allowing the same causes to he in operation in the northern hemisphere, we should 
expect similar effects, however modified by local circumstances. Scoresby obtained, 
in lat. 79® 4' N., long. 5° 4' E., 36® at 400 fathoms, the temperature increasing from 
29® at the surface. Another observation by the same author, in lat. 79® 4' N., gave 
37° at 730 fathoms, the surface being 29®. Again, in lat 78® 2' N. and long. 0® 10' W., 
he found 38® at 761 fathoms, the surface being 32®. 

t With regard to observations in the tropics, Colonel Sabine found, in lat. 20® 30' 
N., aind long. 83® 30' W., a temperature of 45® -5 at 1000 fathoms, the surface water 
being at 83®. Captain Wauchope obtained in lat. 10® N., and long. 25® W., 51® at 
966 fathoms, the surface water being at 80® ; and he also found in lat 3® 20^ S., and 
long. 7® 39' E., a temperature of 42® at 1300 fathoms, the surface water being at 73®. 

t It should 1^ remarked that the temperature of 39®‘5, found by Sir James Ross in 
situations leading to the inference that such temperature is that of the greatest 
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The agency of ocean currents in the transport of matter niecliani- 
cally suspended in their waters, and derived from the decomjwsitl m 
or abrasion of land, will necessarily depend upon local conditions. 
Here and there streams of tide may deliver such matter to them, 
to be borne in the direction in which they may move, and great 
rivers, such as the Yang-tse-kiang, the Ganges, the Indus, die 
Quorra, and the Amazons, may thrust out bodies of water, flowing 
beyond the return of the ti^ streams off coasts, and carrying 
detritus to ocean currents, through which it would have gradually 
to descend- It might thus be transported long distances, particu* 

~ laify if tlw depths it mig^t have to descend, b^ore stagnation of the 
!' jctcinr watetrs would prevent any than a vertical fitU of the matter, 
ww oonrideiable.* The matter obtained from the land seems 
to be thrown down as e flnn^ of vurious shapes and oom- 
potilKMi, Air t ing the ahonas; sometimes, from local conditions, 
eaMtMiieg to fiur gnetordist^^ than at others. 

Ahhoug^t the great flow of the ocean may not be very materially 

dtMitjr of M mUor, eontototiig iha Oidinaiy amount and kinds of salts in solution, 
duos iiol wll ioooid witti axperimonta In the laboratory. Acoor<i)ng to Dr. Marcet, 
Ihoie mode him shoar that the maxitnum density of sea water is not at 40^ Fahr. 
tn four ext^etimenta, Dr. Marcet cooled sea water down to betM'oen 18° and 19°, and 
fcmnA that ft decreased in bulk till ft reached 22°, after which it expanded a little, 
ami continued to do so until the water was reduced to 19° and 18°, when it suddenly 
expanded and became ice at 28°. According to M. Krman, also, salt water of the 
specific gravity of V027 diminishes in volume down to 25°, not reaching its maximum 
density until congelation. 

These results would seem to point either to some modifying Influence acting upon 
the waters of the ocean, to faults in the instruments, to the mode of employing them, 
or to sources of error in the laboratory experiments not suspected. At considerable 
depths, the heavy pressure upon the bulbs of the thermometers, if used naked, might 
be supposed to produce an error as to the mass of water of ^niform temperature from 
the surface downwards. If pressure, however, upon the bulb caused a higher apparent 
temperature, this should vary with such pressure ; but the results do not bear out 
this view, unless it be assumed that the gradual increase of pressure exactly counter- 
balanced a decrease of temperature. It is worthy of remark, that the temperature of 
39°*5 is about that assigned, from experiments, to pure water. It may be here ob- 
served that the water beneath 90 fathoms in the Lake of Geneva was found, both after 
a warm summer and a severe winter, to remain at 43°*5, not 39°‘5 or 40°, as experi- 
ments in the laboratory would lead us to expect. From observations on the tempera- 
ture of the western Mediterranean waters, at various depths, it is inferred that all 
beneath 200 fathoms remains at a constant temperature of about 55°. (D'Urville, Bui. 
de la Soc. de Geographie, t. xvii. p. 82.) 

If we take 39°‘5 for the temperature of the greatest density of sea water, we shall 
have to consider that the salts in solution produce no influence upon such density, the 
water alone having to be regarded. It would be very desirable that experiments 
respecting the density of sea water at different temperatures should be repeated In 
the laboratory, and that observations should be made at different seasons upon the 
temperature of deep fresh-water lakes, in order to see if we are in any way to regard 
the temperature obtained In the sea of 39° *5, observed by Sir James Boss, as a result 
to which some modifying influence may be attributed. 

* Some very interesting observations respecting the surface density of the sea off 
the coast of British Guiana were made by Dr. Davy (Jkmesun’s ^‘Edinburgh 
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cove red by deposits from ocean currents, conveying detritus from 
the great continents, Australia, and the larger islands of the world, 
the oceanic islands may collectively furnish matter of importance. 
The observer will find that many of these islands rise from com- 
panitively considerable depths, so that detrital matter derived from 
them by the action of breakers (and they are very commonly 
exposed to a nearly-constant abrasion by the surf), moved by the 
tidal waves sweeping by the islands, and thence delivered into any 
ocean currents passing near, may be carried by the latter to con- 
siderable distances. These oceanic islands are found to be cM^y 
of two kinds, the one of igneous, the other of fttiimal mngin« : 

respect to the former, we have not only to consider iihe detritus 
they may now furnish by the action of breakers upon them, but 
also the transportable matter which may have been ejected from 
the igneous vents while they rose, by the accumulation of molten 
rock, cinders, and ashes. ♦ 

Instead of simply accumulating around the igneous vent, as would 
happen, with certain modifications from the distribution of wind- 
borne ashes and small local movements of water in tideless seas, 
not only might there be a to-and-fro distribution of the volcanic 
matter carried various distances in mechanical suspension from the 
tidal wave acting against the new obstacle to its movement, but the 
finer substances could also be borne away by any ocean current 
passing near, and thus such substances be carried far onward in the 
direction of its course. As soon as any igneous matter is raised 
above the sea level, so soon is it attacked by the breakers, and only 

Journal,^’ vol. xliv, p. AS, 1848). He found that where the Demerara river meets 
the sea, near George Town, the density of the water was 1*0036, and subsequently 
as follows : — 


1. 11 miles off shore = 

•0210 

2. 19 

•0236 

3. 27 

•0250 

4. 33 

0236 

5. 43 

0250 

6. 51 

•0258 

7. 80 

0266 


The specific gravities of Nos. 4 and 5 were considered to have been infiuenced by 
heavy showers of rain which fell while the steamer on which Dr. Davy was on board 
passed. This modification in the density of the surface waters, by tropical rains, is 
well shown by the observations of the same author, off Antigua and Barbadoes. 
Towards the end of a very dry season, the specific g^vity of the surface water, off 
the former, was found to be 1*0273, while, after three months of heavy rains, off Bar- 
badoes, the specific gravity was reduced to 1*0260. The positions of these two 
islands give such observations considerable value. With respect to the matter 
mechanically held in suspension in the waters off British Guiana, Dr. Davy states that, 
ibr many miles near the land, it was suffloifnt to give a light-brown tint to the sea, 
like the Thames at^ndon-bridge. It was only at about the distsEiioe of 80 miles 
from shore that the waters presented the blue colour of the ocean. 
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in proportion to its solidity and mass can the portion above water, 
and removed from the destructive action of the surf, remain to be 
more slowly wasted by atmospheric influences, and to be clothed 
with vegetation, if within climates fitted for its growth. Many an 
idand in the ocean can be regarded as little else than the higher 
part or parts of a volcano, or some more extended system of volcanic 
vents, rising above its level, tiie mass and kind of matter ejected 
brillg soffioient to keep it there. As might be expected in a great 
voikaiuo iegiori like d^t keland, igneous vents have open^ in 
sea near it^ riioreti, as wdl as upon the diy land. A volcanic 
eruplkiin is recorded as hairing taken place in 1783, ^ut 30 miles 
from Ca^ Bdkianes, and anodier off the sune islaad about 1830.* 
In 1811 a volcanic eruption was e6^ted through the sea off St. 
Muhaels, Azores, and eventually, after the ejection of much matter, 
cidomns o£ black dndmrs bring thrown to the height of 700 and 
800 feet, an island was formed, about 300 feet high, mid about one 
mile in circumference. 

Fortunately the fiirmation of this island was observed and 
recorded. It was first discovered rising above the sea on the 13th 
June, 1811, and on the ITUt was observed by Captain Tillard, 
commanding the ** Sabrina*' frigate, from the nearest cliff of 
St. Michaels. The volcanic bursts were described as resembling 
a mixed ^fischarge of cannon and musketry, and were accompanied 
by a great abundance of lightning. The following (fig. 67) wius 
a sketch made at the time, and wiU well illustrate the manner in 
which ashes and lapilli may be thrown into any ocean current or 
tidal stream passing along, and be borne away by it. 

This island, to which the name of Captain 'Rllard’s frigate was 
assigned, subsequently disappeared, but whether simply by the 
action of the breakers alone, or from the subsidence of the main mass 
beneath, or from both causes, accoimts do not enable us to judgc.t 


♦ In 1783, the eruptions of several islands were observed as if raised from beneath, 
and, during some months, vast quantities of pumice and light slags were washed on 
shore. In the beginning of June, earthquakes shook the whole of Iceland ; the flames 
in the sea disappeared, and a dreadful eruption commenced from the Shaptar Yokul, 
which is nearly 200 miles distant irom the spot where the marine eruption took 
place.** — (Sir George Mackenzie*8 Travels in Iceland.) 

This is not the only instance of a volcanic eruption forming a temporary island 
above the sea-level among the Western Islands. It is recorded in the MS. Journals 
of the Boyal Society (a collection containing a mass of curious information respecting 
the progress of science after the foundation of the Royal Society), that Sir H. Sheros 
informed a meeting, of January 7th, 1690-91, ‘‘That his father, passing by the 
Western Islands, went on shore on an island that had been newly thrown up by a vol- 
cano, but that in a month or less it dissolved, and sunk into tl^sca, and is now no 
more to be found. ^ 
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No doubt very many of the supposed banks in the ocean upon 
which the surf is stated to have been seen breaking, and never 
afterwards found, may be very imaginary, but it is still possible, 
that here and there statements of this kind may be founded upon 
more positive evidence; and that, making all allowance for in- 
correct views as to the latitude and longitude of the supposed 
banks, some due to the upraising of volcanic cinders and ashes 
have been observed, these finally so cut away that the sea no 
longer* broke over them. However this may be, we can scarcely 
suppose that over the floor of the ocean all the eruptions from 
every volcanic vent upon it have reached above the surface of the 
water and remained there as islands, or that some, which have 
accumulated matter to depths not far beneath the surface waters, 
may not occasionally so vomit forth cinders and ashes, that these 
substances remain for a time above water until removed by the 
influence of breakers. 
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CHEMICAL DEPOSITS IN SEAS. — DEPOSITS IN THE CASPIAN AND INLAND 

SEAS. — CALCAREOUS DEPOSITS. — FORMATION OF OOLITIC ROCKS. — SALTS 

IN SEA WATER. — CHEMICAL DEPOSITS NOT NECESSARILY HORIZONTAL. 

We have previously adverted to the mixed deposits of calcareous and 
sedimentaiy matter in tideless or nearly tideless seas, from which 
alternate layers of argillaceous limestones and clays, or lines of argil- 
laceous limestone nodules in the latter might result. According to 
the specific gravities of the waters of such seas, arising from tlie 
different amount of matter in solution in them, will, as we have 
seen, depend the distances over which river waters can flow out- 
wards, supposing such rivers, for illustration, to be equal in 
volume and velocity, and as respects the amount of matter in 
solution or mechanically suspended. In this respect, the Caspian, 
the Black, and the Baltic Seas would all differ, the latter most 
approaching in the character of its waters to a fresh-water lake. 
Comparatively, these bodies of water would appear to afford greater 
tranquillity than tidal seas for the production of chemical deposits, 
always allowing for the depths to which their waters may *be dis- 
turbed by surface causes, such as winds and changes in atmospheric 
temperature. 

In tideless seas, such as the Caspian, where the substances 
brought down in solution by the rivers accumulate in compara- 
tively still water, we should expect deposits which could not be 
effected with equal facility in the ocean, even in those parts which 
adjoin coasts. In the one case, evaporation keeps down the body 
of the water, probably even diminishing its volume during a long 
lapse of time ; while, in the other, these solutions enter the great 
mass of ocean waters, and become so lost in it, that certain of them 
may only, under very favourable conditions, be able to accumulate 
as a coating or bed upon any previously-formed portion of the 
ocean floor. The way in which the tidal wave thrusts back river 
waters twice in each day g^ing the subject in its generality). 
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mingling the common sea waters with ihose ot nvers, up tlie 
estuaries, is alone a marked difference from the outpouring of the 
rivers, with their contained solutions unmized unlil the river 
waters flow over the sea. Instead of comparative quiet along- 
shore, except where disturbed by the action of surface waves, 
the whole body of water along tidal coasts is kept in motion, 
moving alternately one way or the reverse, and not unfrequently 
in various directions, in consequence of the modification of the 
bottom, and the mode in which the tidal wave may strike variously- 
formed or combined masses of dry land. 

We have above called attention to the difierences in tideless ot 
nearly tidelcss seas, arising from differences between the evapo- 
ration of their surfaces, and their average supply of water from 
rivers or rains. Not only should we thence expect the modification 
of sedimentary deposits previously mentioned, but modifications 
also in the chemical coatings. An isolated area, like the Caspian, 
if the evaporation of its waters be greater than its supply, may, 
during such decrease, present us with conditions favourable to a de- 
posit of some of its salts, while the main mass of the waters may yet 
be well able to hold much saline matter in solution. Any shallow 
parts adjoining the shores becoming isolated, and therefore cut ofi 
from the river supplies afforded to the main body, may readily be 
deprived of all their water by evaporation, and a sheet of saline 
matter be the result. Indeed, in this manner, any substances in 
solution would become deposited, and how far they might remain 
exposed without being removed by atmospheric influences, would 
depend upon the climate of the locality. That any such beds, the 
result bf the evaporation supposed, may be covered by ordinal) 
sedimentary deposits, due to geological changes of the locality 
will be obvious. 

Around such bodies of water as the Caspian, the observer pos 
sesses good opportunities for studying subjects of this kind, whicl 
are of considerable interest geologically, when we consider the 
mode of occurrence of gypsum and rock-salt in many situations 
the not unfrequent connexion of these substances, and the kinds o: 
sedimentary matter with which they are often associated. It maj 
be also deserving of attention to consider in such parts of the 
world the probable annual evaporation of the surface of seas like 
the Caspian, and the annual supply of waters from rivers and rain.* 


* It is interesting to consider, in any given land where such bodies of water maj 
be found, even though of much less size, and where it seems certain, from geological 
evidence, that the present area occupied by such waters is less than formerly, how fai 
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It imy have happened from geolo^oal changes, such as might 
re8id% invert the Persian Gutf into an isolated sea, by raising 
the bottom between Cape Mussendom and the opposite coasts at 
Qtou and Sereek, or the Red Sea, into another, by raising 
the bottom at Bab-el Mandeb, that these masses of water no 
longer communicated with the main ocean. Looking at the 
climatal conditions, and the absence of any great drainage from 
adjoining land flowing into it, the Red Sea would lose its waters 
from evaporation, while with respect to those of the Persian Gulf, 
it would depend upon the difference between the evaporation and 
supply of water chiefly obtained from the Euphrates, Ti /ris, and 
their tributaries. From existing information, we should ticipate 
that this supply would not equal the evaporation, so tliat both 
bodies of water might become Caspians. 

It would be well if observers, when among such parts of the 
world, would gather information sufficient to show us the probable 
results of such alteration of conditions, especially as respects tlie 
deposits of substances now in solution in these seas, and their inter- 
mixture with common detrital matter. Observations directed to 
such points can scarcely fail to be valuable with respect to 
geolo^cal theory. Under the supposition of the conversion of the 
Red &a into a Caspian, not only might there be a mixture, under 
favourable conditions, of chemical deposits and detrital accumu- 
lations, but coral banks and reefs would be also included in them. 

By a glance at a map of Asia, it will be seen that a very large 
area, extending along 70 degrees of longitude from the Black Sea 
into China, with a varied breadth of 15 to 20 degrees of latitude, 
does not drain directly or indirectly into the ocean. Tfhere is 
jeason to believe that it is a mass of land which, from geological 
changes, has been cut off from such drainage, the Caspian, the 
Sea of Aral, with numerous smaller bodies of water, now receiving 
such drainage waters as evaporation from the surface of this great 
area will permit, when gathered together in difierent positions. 

the climatal conditions may so influence the evaporation and supply of water that a kind 
of balance is established. We may, for illustration, suppose that, in the first place, 
the climatal conditions are such, after the separation of a mass of sea waters from con- 
nexion with the ocean, that a considerable diminution of the volume of the separated 
water, and^consequently, In all probability, of the area occupied by it, takes place. 
Then will arise the local conditions, under which this diminution may either continue 
or a balance of evaporation and supply become established. Evaporation, all other 
things being equal, will depend upon the area of water exposed. If large rivers, such 
as the Volga, for example, entering the Caspian, bring much sediment into the sea or 
lake, they tend to make it shallow, and also, by their deltas, to diminish the area, so 
that the conditions, as to general area, depth, and consequent volume of the water, 
alter. This alone might destroy any balanced conditions. 
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The evaporation may completely overpower Ae supply of water 
in certain parts of such an area» the salts in solution in the pre^ 
existing waters forming, sheets of matter corresponding with the 
minor areas or lakes when such solutions became in a emiditioh to 
permit deposits, the kast soluble substances being the first thrown 
down* A deposit of a particular substance ohoe effected, similar 
matter would be more readily withdrawn firom the solution by the 
attraction of the first deposits of such substance. In a dry climate, 
such portion of the common detritus, as did not become consoli* 
dated, would be swept about by the winds, forming deserts, such 
as we find in the region noticed, the great Chinese desert of Eobi, 
or Shamo, being the largest of them. In all such lands the 
explorer will not lose his time by carefully examining the shores 
of these various inland seas and lakes, observing the physical con- 
ditions which may produce the isolation of shallow parts. It 
would be well also to study deposits of saline matter with 
reference to their origin from conditions, which may have readily 
obtained, in consequence of geological changes, by the separation 
of shallow-water indentations fringing the ocean, particularly in 
warm and dry climates,* as well as by the partial or total evapo- 
ration of salt lakes. 

Amid the great flats which here and there occur on the shores of 
tidal seas, and which may become dry at certain times, so that 
patches of sea-water irregularly scattered over them are evaporated, 
leaving the salt, we have no doubt conditions,, particularly in dry 
and warm climates, for the accumulation of thin sheets of salt, or 
other substances in solution, which, under favourable circumstances, 
might be covered up, and, to a certain extent, be preserved by 
dctrital mud ; but these deposits would scarcely have the importance 
of those previously noticed. At the same time, such situations 
should be examined with reference to the chemical accumulations 
which may be thus intermingled with detrital matter. 


In all cases, where practicable, it is desirable to obtain information as to the 
matters in solution in the various inland seas and lakes. They are known to differ in 
this respect, as might be anticipated. Thus, according to M. Eichwald, the waters of 
the Caspian contain much sulphate of magnesia, in addition to the other salts held in 
solution. Those who are possessed of sufficient chemical knowledge, if they have 
with them any of the little portable chests of the needful substances and apparatus, 
.will have a local means of a qualitative analysis. It would be well if they could 
perform a quantitative one on the spot, seeing the difficulty of conveying bottles of 
water, to be kept, perhaps, a long time, and amid high temperatures. When the ob* 
server may not ^ a chemist, he may still assist, under favourable conditions as to 
transport, by obtaining the waters and putting a sufficient quantity into a clean bottle, 
Immediately sealing it up carefUlly and tight, and forwarding it, as soon as circum- 
stances may permit, to some experienced chemist for examination. 
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With respect to deposits from chemical solution, the calcareous 
may be considered as the most important geologically. Wc have 
previously adverted to their production in the air, and in fresh- 
water lakes. The cases of consolidated beaches on some coasts, like 
those noticed in Asia Minor, may be regarded as in a great measure 
due to the evaporation of the water containing the bicarbonate of 
lime in solution, as it percolates through these beaches. In the same 
maxmer, we seem to obtain their consolidation in some places by the 
oxides of iron and manganese, and by other substances. Bespecting 
the actual formation of beds of limestone in the deeper sea by 
chemical deposit alone, though we feel assured that it is effected, 
the exact manner is scarcely yet wdl determined. The rivers 
flowing into both tideless and tidal seas alike transport calcareous 
matter in solution into them, though very variably ; in scarcely 
appreciable proportions in some, abundantly in others. So long as 
the carbonic acid needful for the solution of the carbonate of lime 
remains, the latter will continue in the waters, but should it be 
withdrawn, either by evaporation of the sea waters in shallow 
places, or by separation in any other way, the carbonate of 
lime, if the lime be not taken up in any other combination, will be 
deposited. 

With regard to shallow situations in tidal seas, particularly in 
warm climates, and where pools of water are left for sufficient time 
at neap tides, we should expect an evaporation of the water, at least 
in part, and a loss of the carbonic acid, enabling any carbonate of 
lime present to be held in solution, so that there was a consequent 
deposit of calcareous matter. This may be well seen where waters 
highly charged with bicarbonate of lime flow slowly into some nook 
or bay, on tropical coasts, and even in localities where the rise and 
fall of tide is small, as, for instance, around Jamaica. It is in such 
situations, under favourable conditions, that the little grains termed 
oolites, formed of concentric coatings of calcareous matter, may be 
sometimes observed to form. A slight to-and-fro motion, produced 
by gentle ripples of water, may occasionally be seen to keep the 
carbonate of lime depositing in movement and divided into minute 
portions, so that instead of a continuous coating of calcareous matter 
upon any solid substances beneath, a multitude of these little grains 
is produced. As might readily be anticipated, a small fragment of 
shell and even a minute crystal of carbonate of lime is sufficient to 
form a nucleus for the concentric coatings of these oolitic grains. 
An observer would do well, when an opportunity of this kind may 
present itself, to watch the mode in which the grains may be 
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mechanically accumulated, like any other grains of matter, by the 
wasli ol‘ the sea, or the drift caused by tidal streams, as he will 
thereby be the better enabled to judge of the differences or resem- 
blances he may find between these accumulations and the beds 
formed of oolitic grains in the calcareous deposits of various geolo- 
gical ages. 

While the mode in which calcareous matter may be deposited on 
the shores of seas may thus be advantageously studied, that in which 
it is effected in d^p water must necessarily be matter of inference. 
By the means previously noticed, a large collective amount of 
carbonate of lime, held in solution by the needful addirion of 
bonic acid, is discharged by rivers into the sea ; more, in 

some localities than in others, but still as a whole, somewhat widely* 
Although we might expect solutions of a great variety of substances 
in the sea, the drainage of the land supplying them constantly, our 
knowledge on this subject would be more advanced than it is at 
present, if waters were more collected in different parts of the 
world, and oflf a variety of coasts, than they have been. 

According to Professor Forchhammer, the greatest amount of 
saline matter in the Atlantic Ocean is found in the tropics fkr from 
land, in such places the sea-water containing 3 • 66 parts of saline 
matter in 100. He states, that the quantity diminishes in approach- 
ing the coasts, on account of the rivers po\iring their waters into 
the sea, and that it also diminishes on the most western part of the 
Gulf Stream, where the proportion is 3*59 per cent. Professor 
Forchhammer proceeds to observe, that by the evaporation of the 
Gulf Stream waters, the quantity of saline matter increases towards 
the east, Aid reaches ^ • 65 per cent., in N. lat. 39^ 39' and W.long. 
55° 16'. Thence it decreases slowly towards the N E. ; and at a 
distance of 60 to 80 miles from the western shores of England, the 
Atlantic contains 3*57 per cent, of solid substances in solution. 
The same proportion of salts is found all over the north-eastern part 
of the Atlantic, as far north as Iceland, at distances from the land 
not effected by the outflow of rivers.* 


* It is desirable that in all researches as to the amount of the saline contents of the 
ocean, the depth from which waters for examination may be taken, be regarded. 
With respect to the specific gravity of sea water at different depths. Sir James Koss 
mentions (Voyage of Discovery and Research in the Southern and Antarctic R^ions), 
that in lat. 39® 16' S, and long. 177® 2* W. (there being no bottom at 3,600 feet), the 
specific gravity at the surface was 1 *0274 ; at 900 feet, 1 ‘0272 ; and at 2,700 feet, 1 *0268, 
all ascertained at 60® Fahrenheit. He further states that his daily experience gave tlds 
diminished kind of specific gravity in the depths. As evaporation would tend to 
render the surface waters more saline^ it may be deserving of attention how far this 
cause may operate downwards in the sea. 
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With respect to the chemical character of the saline substances 
in the waters of tlie Atlantic, it would appear that they do not 
differ so much as might be supposed. At the same time, Professor 
Forchhammer’s researches lead him to consider that lime is rather 
rare around the West India Islands, where myriads of polyps employ 
it for their solid coral structures; the proportion of lime to chlorine 
being there as 247 to 10,000, while the same substance is more 
common in the Kattegat, where part of the lime brought by nume- 
rous rivers into the Baltic is carried to the ocean. In the Kattegat 
the proportion of lime to chlorine is as 371 to 10,000. In the 
Atlantic Ocean 17 analyses gave 297 to 10,000 ; and between 
Faroe and Greenland 18 analyses afforded 300 to 10,000.* 

Eesearches of this kind, limited as they are at present, arc still 
sufficient to point out the modifying influences of proximity to land, 
of the heat of the tropics, of the melting of ice in the polar regions, 
and of oceanic currents flowing from one region, where certain 
conditions prevail, to another where these may be modified. 

As geologists, we have to inquire if the salts in solution, and 
derived by means of rivers from the land, are thrown down on the 
sea-floor, either within a moderate distance from the land, or further 
removed in deeper oceanic waters. If’ wc take the calcareous 
matter, we find . that it can be transported, by means of rivers 
flowing outwards, for various distances over the heavier sea waters, 
to be still further carried outwards and into greater depths of 
water, probably, if an ocean current seizes on the river waters thus 
situated. No small aid would be afforded if, when fitting oppor- 
tunities presented themselves, waters from the streams which might 
thus be traversed were carefully examined with reference to their 
chemical character. In warm climates there might be much 
evaporation from the upper part of river waters thus slowly passing 
along the surface of the seas, productive of results, as regards matter 
in solution, of appreciable value. 

When we consult analyses of sea waters, to ascertain the condition 
in which lime may be present in them, we find enough to show 
that much is to be learnt by experiments made with the aid which 
the present methods of analysis can afford. We can readily under- 
stand that while lime may be pouring into some parts of the ocean, 
as a bicarbonate kept in solution by the proper amount of carbonic 
acid, it might be converted into solid matter by animal life in 
another, in regions where a balance of supply is not kept up, so 

* Forchaxnmer. Memoirs of the British Association for the Advancement of 
Science, vol. xv, p. 90. 
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that eventually very unequal quantities are distributed in solution. 
But it would be well to ascertain such facts carefully, and especially 
with reference to the combination in which the lime may be found 
in the different regions of the ocean.* 

With respect to the deposit of carbonate of lime from sea waters, 
Dr. Lyon Playfair suggests that, as river waters generally contain 
in solution a small quantity of silicate of potash, the carbonic acid, 
dissolved in sea water, enabling the carbonate of lime to be therein 
held in solution, would act on this silicate, decomposing it, and 
forming a carbonate of potash. The solvent being thus removed 
from the carbonate of lime, the latter would be precipitated, and a 
new portion would be formed from the double decomposition of the 
newly-formed carbonate of potash on the sulphate of lime and chlo- 
ride of calcium when present. He suggests that this process of de- 
composition may account for the silica so frequently found in lime- 
stones. It is, however, to the action of vegetation, where this can 
flourish, on sea waters, that Dr. Lyon Playfair attributes a more 
general deposit of any carbonate of lime from them. He remarks, 
that marine, like terrestrial plants, constantly require and take 
away carbonic acid from the waters around them, so that the quan- 
tity necessary to keep any carbonate of lime in solution, and which 
may find its way into the sea waters, being removed, the carbonate 
of lime is thrown down. 

Independently of the soluble matter thrown into the sea by rivers 
returning to it frequently that which in anterior geological times 
was accumulated in it, we have to reflect that the volcanic action 
which we know has been set up upon the ocean-floor, sometimes 
throwing up matter at)ove the surface of the sea, forming islands, 
must as a whole have caused no small amount of soluble matter to 
be vomited forth. Looking at the gases evolved and substances 
sublimed from sub-aerial volcanos, we should expect many combi- 


♦ We are indebted to Schweitzer for a very careful analysis of the waters of 
the English Channel. No doubt it is only good for the locality, one not favourable 
for a know ledge of the composition of oceanic waters, being too much shut in by land, 
from which river waters, differently charged with saline matter, are discharged. JBis 
analysis is as follow s 


Water - - - 

- 964*74372 

Chloride of Sodium - 

- 27*05948 

, , Potassium - 

0*76552 

, , Magnesium - 

3*66658 

Bromide of Magnesium - 

0*2929 

Sulphate of Magnesia - 

2*29578 

, , Lime - - 

1*40662 

I'arbonato of Lime - - 

0*03301 


^ith, in addition U» these constituents, distinct traces of iodine and ammonia. 
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to be f<»med and deoompoutions to airbie. Seeing also the 
soiaildiiigB uound oertam ooesaie and volea^o islands, no slight 
piesSdie would have been exerted upon the earner vtdeamc action 
breath the seas, amodifTinginfla^oe alone oPnb dight importance. 
Surrounded by seas of infbioir temperature, elonng in upon the 
volcanio vent as the heated watns rose upwards, th^ would be a 
tendency to have certain substances, only soluble at a high tempe- 
rature, thrown down where the cooling influences could be felt ; 
as also, when these substances may be borne upwards by the heated 
waters, to have them distributed by any oceanic currents acting over 
die locality, supposing that the heated waters either rose to, or were 
produced at distances beneath the surface of the sea where these 
currents could be felt. Without entering further upon this subject, 
we would merely desire to point out that, in volcanic regions, the 
sea may not only receive saline solutions marked by the presence of 
certain substances not so commonly thrown into it by rivers else- 
where, but that also submarine volcanic action may be effective in 
producing chemical deposits, either directly, or indirectly, which, 
under ordinary conditions, would either not be formed, or not so 
abundantly.* 

With regard to the mode in which chemical deposits may be 
accumulated, it is very needful to consider that horizontality is not 
essential to them. They may be formed at considerable angles, 
against any previously-existing surface offering the needful condi- 
tions. Numerous deposits from solutions are effected as well on 
the sides as on the bottoms of vessels containing them.t Hence 
we may liave deposits on the large scale, giving rise to deceptive 
appearances. Let a, for example, in the annexed section (fig. 68) 


Fig. 68. 

e d 



be the surface of a fluid, such as the sea, from which the beds, b, 
have been deposited fiom chemical solution (limestones for instance) 


* It would be very desirable to ascertain points of this kind, so far as examining 
the sea waters around volcanic regions may enable the observer to do so ; and more 
especially when, by any fortunate chance, opportunities are afforded after any sub- 
marine volcanic action may be evident or supposed. 

t Pipes conveying waters containing much bicarbonate of lime, or many other 
substances in solution, are well known to be often coated all round. 
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upon the pre-existing surface, s of a stratified rock, c e, and it 
might, if only a portion of such a sectbn was Miheequently exposed, 
be concluded that there had been movemoitB land tilting 

up these beds at s, when in reality there has b^ perfect repose 
as regards theb relative position, tince the time of their depodt. 
Even when, as a whole, somewhat horizontal accumulations of tins 
kind might be expected, they are often found to have moulded 
themselves upon the irregularities of ground upon which they were 
thrown down. 



CHAPTER Vlir. 

PRESKRVATIOX OF REMAINS OF EXISTING LIFE AMID MINERAL MATTER. — 
OF PLANTS AND VEGETABLE MATTER. — BOGS. — DISMAL SWAMP. — 
RAFFS IN THE MISSISSIPPI. — ANIMAL REMAINS — ON THE LAND. — VER- 
TEBRATA. — OSSIFEROUS CAVERNS AND LAKE DEPOSITS. — INSECTS. — 
LAND MOLLUSCS. — EFFECTS OF SHOWERS OF VOLCANIC ASHES. — ESTUARY 
DEPOSITS. — FOOTPRINTS ON MUD. 

This is a subject of much importance to the geologist desirous of 
reasoning correctly upon the mode in which the fossiliferous rocks 
may have been accumulated. The habits of plants and animals 
engage the attention of the naturalist, and by his aid most im- 
portant benefits are conferred upon the geologist. He is thus 
enabled to infer how plants or animals, found existing under certain 
conditions, may contribute by their remains to the mass of mineral 
accumulations now taking place, these occasionally even forming 
thick beds, spread over considerable areas, without the admixture 
of mud, and sometimes of any sediment derived from the decompo- 
sition or mechanical destruction of previously-fexisting rocks. 

The observer should, in the first place, direct his attention to the 
manner in which the remains of terrestrial life may be entombed. 
Though when terrestrial plants die, the substances of which they 
are composed arc, as a mass, returned to the atmosphere and soil 
whence they have been derived, the movements of animals which 
may feed upon them being regarded as so far local, that keeping to 
the grounds where their food is presented to them, their droppings 
restore to the soil what the plants had removed from it, the car- 
nivorous animals which consume the graminivorous, returning that' 
which the latter did not prior to death, — there are still conditions 
under which parts of existing vegetation may become permanently 
preserved. 

Exposed to atmospheric influences after death, vegetation decays 
according to the structure of the different plants and the climate of 
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the locality. The rapidity with which decomposition is effected 
in certain tropical regions is well worthy of attention. We not 
unfrequently find the outside of a large and prostrate tree retain- 
ing its form, and while the whole of the inside is hollow, filled 
with leaves that have fallen into it, and teems with animal 
life. This kind of decay is still more instructive when upright 
stems of plants, in tropical low grounds, liable to floods, retain 
their outside portions sufficiently long to have their inside hollows 
partially or wholly filled with leaves and mud or sand, the whole 
low ground silting up, so that sands, silt, and mud accumulate 
around these stems, entombing them in upright positions, without 
tops, though their roots retain their original extension. The 
study of the sedimentary accumulations of river deltas, amid the 
rank vegetation of some tropical countries, is very valuable as 
respects certain deposits in which the remains of vegetation form a 
conspicuous and important portion. Behind mangrove swamps 
much that has a geological bearing may be frequently seen ; and 
indeed amid them, the observer not forgetting to direct his atten- 
tion to the mode in which animal as well as vegetable remains 
become mingled with, and finally covered over by, sedimentary 
matter. 

Not only in the tropics, but in other regions, large tracts of 
marsh land, interspersed with shallow lakes, are highly favourable 
to the accumulation of vegetable substances. The leaves of trees, 
growing in such situations, falling upon the patches of water, take 
a horizontal position, spreading in a layer in certain climates and 
seasons over their surfaces. These leaves gradually soak up water, 
and sinlf to the boftom. If, from time to time, flood waters bring 
fine mineral matter in mechanical suspension into such situations, 
it settles, and thus the leaves become preserved in thin layers 
alternating with the clayey sediment. Should it so happen that 
waters, charged with calcareous matter in solution, find their way 
either gradually and constantly, or by sudden rushes in floods, we 
may have the leaves or other remains of plants preserved in a 
deposit of carbonate of lime, more or less pure, according to the 
presence of any other matter brought into the lakes in meclianical 
suspension or chemical solution. 

The mariner iii which bogs are formed should also be studied. 
Many no longer exhibit their progress over shallow lakes, while 
others will show it. In the latter case we find aquatic plants, like 
the large rushes and water lilies, accumulating mud about their 
roots, as also decaying vegetation, upon which finally the bog 

1 
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plants advance, the chief of which, in our climate, is the Sphagnum 
•palustre. As these decay beneath, a new growth continues above, 
up to levels where the requisite moisture can be obtained.* Trees 
are very frequently seen in these bogs (some of which are very 
extensive), in a manner showing that the conditions favourable for 
the growtli of various trees have from time to time obtained, so that 
distinct levels of them have been found occasionally in the same 
bog. 

The extent of bogs is very variable, as also the bottoms on which 
they repose. Sometimes the latter are formed of shell marls, accu- 
mulated at the bottoms of the shallow lakes, anterior to the advance 
of the aquatic vegetation over them. The thickness of bogs neces- 
sarily varies : in some 10 to 30 or 40 feet is not uncommon. Of 
the pauses in the accumulation of bogs, sufficient to permit a growth 
of trees upon them, as also a surface upon which habitations may 
be constructed, perhaps as good an example as any is that of the 
ancient wooden house discovered in June, 1833, in Drumkelin 
Bog, on the north-east of Donegal. It was 16 feet below the sur- 
face of the bog before the upper part was taken off, and 4 feet 
beneath the cuttings of the time, standing itself upon 15 feet more 
of bog, so that the total thickness at that place had been 31 feet. 
The house itself was a square of 12 feet sides, and 9 feet high, and 
was formed of two floors, the roof constructed with thick planks of 
oak, the wood employed for the whole dwelling, upon which no 
iron had been used. Upon clearing away the bog from the level 
of the house, a paved pathway was discovered extending several 
yards from it to a hearthstone, covered with ashes, some bushels of 
half-burned charcoal, some nut-shells, and blocks of wooa partly 
burned. Near the house there were stumps of oak trees, which 
grew at the time it was inhabited, A layer of sand had been 
spread over the ground before the erection of the house. All seems 
to have marked a state of repose in the growth of this part of the 
bog ; so that a change of conditions affecting the drainage would 
seem needful to account for the accumulation of 16 feet more above 
the surface, after the time when this wooden house was constructed. 
It may have been that one of those burstings of parts of a bog. 


* Those travelling in .North Wales will find, opposite Cwm-y-glo, below the 
bridge crossing the outlet of Llyn-Padam (the lower Llanberis lake), a good example 
of a lake filling up, with the advance of water lilies and other aquatic plants upon a 
still remaining portion, while bog plants and bog creep on behind them. At the 
proper season, the locality is brilliant with thousands of water lilies thus advancing. 
It is easy to see that tliis was once a third Llanberis lake, but, being shallow, was the 
first to be nearly filled up. 
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some of which are recorded, had overwhelmed this locality, soft 
boggy matter having gradually accumulated to a higher level under 
favourable circumstances in some place adjacent. 

Bogs are very irregularly dispersed, forming unequal patches 
as to area and thickness. The surface occupied by the bogs of 
Ireland alone, has been estimated at 2,800,000 acres. From the 
humic acid in them, animal and vegetable substances are often 
found well preserved, and, in consequence, numerous relics of 
ancient times have been handed down to us, which, unless en- 
tombed in bogs, would have remained unknown. Other things 
have evidently been lost in them, and have been brought to light 
by the progress of the turf-cutter. Many of the beautiful bronze 
swords, spear-heads, and other ornaments and weapons of its ancient 
inhabitants, have been thus preserved in Ireland. As might be 
expected, also, the remains of animals are found which have 
perished in the bogs. 

Of bog-like accumulations in a warm climate, the ‘ ‘ Dismal 
Swamp,*’ as it is called — 40 miles long, from north to south, and 
25 miles in its greatest breadth, from east to west — partly in the 
State of Virginia and partly in North Carolina, seems an excellent 
example. Sir Charles I yell describes this swamp as “ one vast 
quagmire, soft and muddy, except where the surface is rendered 
partially firm by a covering of vegetables and their matted roots.” * 
From the nature of the mass, which appears to be chiefly formed 
of vegetable matter, spongy for the most part, logs and branches of 
trees intermingled in it, water is so disseminated that the central 
portions the swanap are the highest, rising on all sides above the 
surrounding firm and dry land, except for about 12 or 15 miles on 
the western side, where rivers flow into it from more elevated 
ground. The greatest height of the central part above the sides is 
estimated at about 12 feet, and in such central portion there is a 
lake, 7 miles long and 5 miles wide. The greatest depth of this 
lake is 15 feet ; the sides are composed of steep banks of the vege- 
table mass, and the bottom is chiefly formed of the same matter in 
a highly-comminuted state, with sometimes a white sand, about a 
foot thick. Elvers flow out of the swamp from all other parts of 
its margin except that mentioned. 

It is a highly-interesting fact as connected with this swamp, one 
having many geological bearings, pointed out by Sir Charles Lyell, 
that the surface supports a growth even of trees. He mentions 


f 2 


Lyell’s Travels in North America, vol i., p. 143. 
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the juniper trees {Cupresms thpoidva) as standing firmly in the 
softest places, supported by their long tap-roots. With other ever- 
greens these trees form a shade, under which grows a multitude of 
ferns, reeds, and shrubs. The great cedar diatichn) 

also flourishes under favourable conditions. Trunks of large and 
tall trees lie buried in the swamp. They are easily upset by ex- 
traordinary winds and covered in the mire, where, with tlic excep 
tion of the sap-wood, they are preserved. Much of this timber is 
found a foot or two from the surface, and is sawn into planks half 
under water. Bears inhabit the swamp, climbing the trees in 
search of acorns from the oaks, and gum berries. There are wild 
cats also, and occasionally a wolf is seen ; so that there must often 
be conditions for the loss of these animals in the mire, and for the 
preservation of their bones. Indeed, in such a region as this, 
occupying an area of several hundred squaic miles, the amount and 
mixture of animal and vegetable matter, which may be collected in 
one great extended sheet, is not a little remarkable. 

Rivers, in some regions, carry forward not only the small plants 
with the leaves and brandies of the larger, but multitudes also of 
trees are thus sometimes transported, part of them r(jtairu*d within 
tlie setliinentary deposits of tlie rivers themselves, part swept out 
seawards. It is not among the long-cultivated lands that the 
amount of plants, gieat and small, curried downwards by rivers, is 
best observed, though during flo<xls in them large trees arc oc( 3 a- 
sionally borne down their courses. It is in regions where man 
has not by his labours modified the growtli of vegetation, or the 
course of rivers, that the transport of plants by running waters can 
be well studied. We then have conditions resembling those under 
which vegetable remains may in this way have been mingled with 
the sedimentary deposits of previous geological periods. On this 
account, the courses of rivers, such as those of the Mississippi and 
its tributaries, are still highly instructive, though in various ways 
other rivers, pursuing their courses through lands not yet culti- 
vated in any part by man, may be still more so. The mags of the 
Mississippi, or great trees carried away from its banks, or those of 
its tributaries, and which are anchored, so to speak, by their roots 
upon the bottom of the stream, their heads bending with its strength, 
are well-known examples of the partial stoppage of trees on their 
course downwards. The same river, or rather one of its delta 
streams, named the Achafalaya, furnishes us with a good instance 
of a large accumulation of some of these drift trees within the last 
80 years. About that time since numbers of these drift trees got 
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entan<'le(l in the cliannel, m tlmt they no longer passed freely down 
it. I'Jvcntually they formed a mass, termed the Eaft, distributed 
irregularly, and rising and falling with the waters, for a distance of 
twenty miles, closely matted together in some localities. In 1808 
the cubic contents of this collection of drifted trees was estimated 
at 286,784,000 cubic feet* If by any change of conditions the 
channel of the Achafalaya became little supplied with water, and 
the raft consequently fell in the channel and was covered over with 
fine sediment derived fiom muddy waters quietly working fhdr 
way into the old river course, a long line of lignite, corresponding 
with twenty miles of the old channel of this river, might be the 
consequence. 

When we regard tlie great rivers of the world, we can scarcely 
avoid considering that a large amount of plants and trees, differing 
in kinds and structure according to climates, must be annually 
entombed, in a manner to prevent that decay they would have suf- 
fered if left, after death, solely to atmospheric influences. No doubt 
much of* this vegetation is still decomposed after transport by the 
rivers to their deltiis, yet much also must be entombed in deposits 
excluding ordinary atmospheric influences, and leaving the plants 
under conditions favourable for their gradual alteration into Ugnite, 
or to the more advanced state of coal, should geological changes so 
permit. In deluis, also, we have, in the pools and lakes formed by 
the advance of the sediments thrust forward by the rivers, circum- 
stances in many regions favourable to the growth of aquatic and 
swamp vegetation. In such situations, as they fill up by tlie 
occasional inflow of the muddy waters of the rivers in flood, and 
by the* growth and partial decay of the vegetation, we liave also 
conditions suited to the preservation of some of the plants, or their 
parts, often in the positions in which they grew, mingled with 
carbonaceous matter and bals of sediment. It may so happen, 
in rivers where sands as well as mud arc forced forward, 
that by the occasional sliifling of* a strcam, or the brejrking away 
of a bank, previously barring the entrance of any portion of a 
main stream, sands may be thrust forward over accumulations of 


♦ The 20 miles of length were estimated at 10 miles, this distance being considered 
as representing a close packing of Uie trees. The average breadth was taken at 220 
yards, and the depth at 8 feet. — (Darby, Geographical Description of the State of 
Louisiana.) Hafts of this description, but of less siae, are, as might be expected, 
found in other divisions of the Mississippi and its tributaries. Captain Hall (Travels 
in North America, vol. iii., p. 370) mentions being a witness of one of those falls of 
the banks of the Missouri, covered with trees, which throw so much drift wooii into 
the Mississippi, the banks of the latter also contributing largely to the general mm. 
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this kind, their deposit marked by successive lateral and sloping 
additions, such as have been previously mentioned. 

With regard to the preservation of animal remains on dry land, or 
in fresh water, we have to recollect that the rapacious animals very 
frequently devour the bones of the vertebrata which they destroy, 
and that the scavenger animals eat up tliose which the former 
may have left unconsumed, so that few bones generally remam 
exposed on dry land to be decomposed by atmospheric influences. 
It is very probable that in deserts, the bones of animals which have 
perished in them may be often buried beneath great sand-driftf^ 
there to remain, perhaps, if decomposing tumses be slight in such 
situations, until geological changes may again bring such deserts 
beneath waters, and consolidation or removal of the sands be cliccted, 
as the case might be. We have seen the l>ones of rabbits and hmh 
exposed by a shift of some of our coast sand hills, by which jxu'tious 
ol‘old accumulations, murkcHl by successive growths of vegetation, 
have been carruxl oirby the winds. 

Vertebrate animals are, in some countries, overwhelmed by the 
fall of parts of mountain sides or clifls, so as to lK*coine buri(^d 
deeply in situations where their bones are under conditions favour- 
able for preservation. Occasionally, they are destnyed by tlie 
partial fall of sea cliffs on tidal coasts, while wandering beneath 
them when the tide may be out, their harder parts, perhaps, waslied 
out to sea when tlic breaker.s may have subsequently removed tlie 
fallen mass. Such harder parts may thus become mingled with 
any sedimentary accumulations then forming, should they not be 
ground to pieces on the coast by the breakers. 

While studying the mcMlc in which the remains of vertebrate 
animals may be preserved without tlie aid of streams, pools, or 
lakes of fresh water, it will be observed that the clefts of rocks, in 
countries where such occur, arc places into which more animals 
fall than might at first sight be thouglit probable. In some of our 
limestone districts, where caverns are found open to the surface, 
many an animal is lost, notwithstanding the precautions usually 
taken, so tliat we arc prepared to expect that, in uncultivated regions, 
animals chased by others, coming suddenly upon the brink of a 
fissure and unable to clear it at a bound, often get precipitated into 
it. How -far their remains may be preserved will necessarily de- 
pend upon circumstances. While even inaccessible to scavenger 
quadrupeds, many of these fissures are open to scavenger birds 
who descend and devour the flesh, leaving the Ixmcs. Scavenger 
insects can readily also consume the softer parts. The ultimate 
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preservation of the bones from the decomposing effects of atmo* 
spheric influences would depend upon their exclusion from them. 
The accumulation of clayey matter in the fissures, washed in from 
the tops or sides during rains, mingled often with Men porfiona 
of rocks, forming the sides of the fissure, will tend to this end* 
Still better, however, would be their entombment by calcareous 
stalagmites and stalagtites, where these were formed in the fissures 
of limestones. In the latter case, we might have an ossifeiotis 
limestone breccia rising to the surface irregularly, the width vary- 
ing with the form of the walls of the original fissure. 

Caves, inhabited for a length of time by the same kinds of 
animals, during which they brought in their prey, so that such 
parts of themselves or of this prey which may have remained un« 
consumed accumulated, also afford opportunities for the preserv^a- 
tion of vertebrate animal remains, according to circumstances. If 
these remains, even teeth, continual long under the decomposing 
conditions likely to obtain in such situations, without some pro- 
tection uflbrded by clay in some caves, by stalagmites in limestone 
caverns, or by numerous fallen fragments, few traces would be ex- 
pected, wliile, if tliesc protecting influences existed, such remains 
might often be preservod. 

It is, however, to the aid of water we have to look for the en- 
tombment of vertebrate remains in the largest quantities, though, 
no doubt, the labours of Buckland and others have taught us how 
much may be preserved in fissures and caverns. We have already 
noticed the loss of animals in bogs and swamps. In some regions, 
the coUcctive amoynt of those which perish in this manner must be 
considerable. We have reason to believe that many mammals 
perish in lakes, sometimes sinking into soft ground on their borders, 
at others while endeavouring to cross them. In the former case 
they may be preserved, as in bogs and common swamp.*?, in a nearly 
vertical position, tlieir bones occurring relatively to each otlier as 
in life. In the latter, their bones may often be scattered. After 
decomposition had sufficient iy advanced, so that the dead body 
floated, it may be either drifted to a shallow or deep side of the 
lake, supposing, for illustration, that both existed. If to the latter, 
and decomposition had still further advanced, and probably also 
the scavenger animals, both of the air and water, had consumed no 
small portion of it, the body might descend into deep water, with 
the bones still, as a whole, in their relative positions, so that if 
dctrital or chemical deposits were there taking place, they would 
be in the condition to be so preserved. If drifted luid stranded on 
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a shallow part of a lake, the body would be liable to ho attacked 
witli facility by scavenger land quadrupeds, wluch might not have 
ventured into the water of the deep parts of the lake for this pur« 
po8e« In many instances, as those who may have seen the dead 
bodies of animals under such circumstances are aware, the bones 
would be eventually much scattered, part of tliem pulled upon the 
dry land and decomposed, if not eaten, while another part may, 
under favourable circumstances, again enter the lake, and re there 
enveloped by deposits in the progress of Ibrmation. 

Whether land animals floated or not after being drowned in 
lakes must often depend upon the consumption of their Acs i while 
subineigcd. The various regions of the world furnish with 
diflferent creatures inhabiting such pieces of water. In inami warm 
climates, the Kxlies would soon be attocked by reptiles, capable ol* 
easily destroying their softer parts. In {»ome countries, the crex’o- 
dilian family would speedily proceed to devour them, and not the 
less greedily that some decomposition had taken place. By their 
aid some animals might get dismembeied in such a way that the 
bones became finally much scattered, and the parts of the same 
animal be somewhat spread among lacustrine deposits. The croco- 
dilians themselves add not a little to the remains of terrestrial ver- 
tebrata entombed in lake accumulations, by seizing animals on the 
shores and dragging them into the water.* 

With respect to the remains of aquatic reptiles and fish in lakes, 
the voracity of many of these creatures is commonly so great, and 
the system of mutual prey so incessantly kept up among them, that 
entire skeletons would have to be preserved under very favourable 
conditions. The deltas of the great rivers, especially tfiose in 
tropical regions, will afford opportunities for the study of the 
manner in which the remains of aquatic reptiles may become em- 
l)eddcd in detriUil matter. We have seen the caiman of Jamaica, 
when pursued, so bury himself in the mud of the lagoons, in which 
he delights to live, that occasionally there must be some difficulty 
of withdrawal from it. 

Floods in rivers, particularly those of large size, flowing amid 
great plains, where the sudden rise of water covers a large area in 
a short time, concealing the more shallow portions, would appear 

* The caiman of the great West India Islands in this way freciuently obtains dogs, 
and sometimes goats, incautiously approaching a place where he may be lurking, 
perhaps half depressed in mud, with the tip of his snout at tlic surface of the water. 
The caiman is considered by the negroes so fond of dogs’ flesh, that when a bent man- 
grove tree, with a running noose, may be placed to catch one, a dog in a stout 
Stockade, in the line traced out for the caiman, is thought one of the best baits. 
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the means by which many mammals are swept off their feeding* 
grounds^ drowned^ and their dead bodies burt^ amid the detritus 
borne down at the same time* At such times, dso^ bones of mammab 
which remain strewed about in the more exposed ntuatioins^ not 
consumed or decomposed, get mmgled with the mud, wlif or sands^ 
carried forwards, a^ finally deposited* To delta accumulatioiis, 
whether in lakes or seas, such floods must, in certain climates, 
often bring down terrestrial mammals, mingling their remains with 
those of many reptiles. 

Though, from their powers of flight and consequent escape, we 
should not expect to find birds caught by floods so as to be carried 
away, drowned, and, under favourable circumstances, their harder 
parts entombed, yet, as we do occasionally, though rarely, find the 
body of a land bird borne down a stream in countries and at times 
of the year when we have no reason to suppose that it has been 
shot or otherwise destroyed by man, perhaps we may look to this 
cause as one, however occasional and rare, by which remains of 
birds may be preserved. It is in districts where great floods 
suddenly rise over very extensive flat lands, particularly at times 
when the young of many birds inhabiting and breeding upon them 
arc unable to fly far or at all, that we anticipate the more frequent 
surprises of* this kind. Land birds occasionally fall into lakes and 
perish. We have seen instances in which land birds cliased by 
hawks have fallen into lakes. Accidents causing death al^ now 
and tlicn happen to the waders frequenting the margins of lakes, 
iis also to birds which live habitually on their waters, either sup- 
porting themselves by fishing in the shallow parts, like the swans, 
or by the aid also of diving, like the duck tribe. The preservation 
of* their bones, once at the bottom, in lacustrine accumulations, would 
be the same as with other animal remains. 

Under all circumstances, perliaps, to floods passing over extensive 
flats, raising to the surface of the water the Ixxlies of birds which 
have perished by natui'al deaths, and which may be capable of 
floating, or sweeping forwards the bones of others, not yet con- 
sumed by scavenger animals, we may look for the chief causes of 
the transport by water and entombment of the remains of birds in 
the resulting deposits.* 

♦ Neither should we forget, when considering the manner In which birds* bones 
may be preserved within the boundaries of land, that they may get entangled among 
travertines, and thus may be entombed in lines and patches corresponding with such 
calcareous deposits as Uiey form in streams or pools, as under favourable circum- 
stances in Italy. 

In the great deserts of the world, birds, such as ostriches, perishing, their rem^^ 
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During floods also conditions are very lUvoiimble to the swet^pin^ 
off* of numerous insects, even those having tlie power oi‘ flight 
being caught up in the waters before they could escape. Multi- 
tudes of these insects are no doubt consumed by fish, yet the 
ranains of others may readily be so mingled up with the s^iment 
of the flood waters where it can be deposited, as to remain per- 
manently encased by mud, silt, or sand. Seeing the avidity with 
which, in general, insects cast by myriads, as they sometimes are, 
on the surface of lakes or pools of water, are devoured by fish, 
when we discover their remains embedded in calcareous matter, as 
they have been, we shoiJd expect circumstances ill-suited to the 
habits of insectivorous fish and aquatic reptiles. It may be that in 
waters in certain pools or lakes charged with large quantities of* 
carbonate of lime in solution by means of the needful carlwnic acid, 
the latter may be so abundant as to drive off tlic insectivorous llsb, 
and insect-eating aquatic reptiles. 

We find the remains ol land molluscs mingled with soils in many 
localities in sufficient abundance to show how capable the sludls ol* 
these animals are of preservation when circumstances will permit. 
Though light as regards the alisolutc weiglit of each shell, the 
specific gravity of land shells is considerable, more approaching that 
of* arragonitc than of common calcareous spar.* In soils, the shells 
are ill placed for resisting decomposition licyond a certain amount 
of time, the watei*s containing carbonic acid readily percolating to 
them, so that in such situations they arc, if not lately embedded, 
usually brittle, and not unfre(jucntly broken. Among blowui 
sands land shells are often abundant, some land molluscs especially 
delighting in such habitats. 

In volcanic countries, or tliosc over which, from their proximity 
to such countries, volcanic ashes may be scattered, and sometimes 
abundantly, land shells, and, indeed, various other land animals, 
may be completely covered over with coatings sufficient not only 

may be often covered over by great sand drifts, and remain so long beneath, even 
supposing some change of drift to expose them, as to bo no longer available as food 
to the animals which would otherwise consume them. Some may remain permanently 
covered, until, as previously mentioned, by a change of geological conditions, these 
deserts may be again submerged, and their sands be cither removed or consolidated 
into rocks. 

♦ When experimenting some years since upon the specific gravity of shells we 
found those of the following land molluscs to be : — ’ 

Helix Pomatia 2*82 

Bulimus decollatus 2*85 

undatus 2*8.5 

Auricula hovina 2*84 

Helix citrina 2*87 
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to kill them, but to aid in the preservation of their hard parts. 
The full of large quantities of a.shc8 and cinders, discharged in some 
volcanic eruption, would appear to cause a greater sudden entomb- 
ment of terrestrial animals, with the probability of preserving their 
more solid parts entire, than can be obtained without the aid of 
water, even including the moving sands of deserts. Volcanic 
districts are, in temperate and tax)pical i^kau, often &rtile, abound 
ing in v^etable and animal life, so that in r^ons^ sndh as Sion? 
bawa and Java, for example, land animals, including an abundance 
of molluscs, may be readily buried beneath discharges of lapilli and 
ash, such as were vomited forth from the volcano of Tomboro, in 
Sumbawa, in April, 1815.* 

* The eruptions commenced on the 5th April, and continued more or less until 
the 10th, when they became more violent. A Malay prahu was on the 11th, though 
distant from Sumbawa, enveloped in utter darkness from the ashes in the air. Upon 
landing afterwanls on the island, the commander found the country covered to the 
depth of three feet by ashes and cinders; and difficulty was experienced in sailing 
through the cinders floating on the sea. At Macasar, 21 7 nautical miles from Tomboro, 
the volcanic discharges were heard to such an extent that, supposing there was an 
engagement with pirates near at hand, the East India Company's cruiser *• Benares,” 
was despatched with troops on board to look after them. The following account, by 
the commander of the “Benares,” obtained by Sir Stamford Raffles, will show the 
amount of ashes and cinders vomited forth : — 

Proceeding south to ascertain the cause of the explosionS|^ard, at 8 o’clock on the 
morning of the I2th, “ the face of the heavens to the soutnward and westward had 
assumed a dark aspect, and it w'as much darker than when the sun rose ; as it came 
nearer it assumed a dusky-red appearance, and spread over every part of the heavens ; 
by tea it w'os so dark that a ship could hardly be seen a mile distant ; by eleven the 
whole of the heavens was obscured, except a small space towards the horizon to the 
eastward, the quarter from which the wind came. The ashes now began to fall in 
showers, and the appearance was altogether truly awful and alarming. By noon the 
light that remained in the eastern part of the horizon disappeared, and complete dark> 
ness covered the face of diw. This continued so profound during the remainder of the 
day that I,”1sontinues the commander of the “ Benares,” “ never saw anything to equal 
it in the darkest night; it was impossible to sec the hand when held close to the eyes. 
The ashes fell without intermission throughout the night, and were so tight and 
subtile that, notwithstanding tlie precaution of spreading awnings fore and aft as 
much as possible, they pervaded every part of the ship.” 

“ At six o’clock the next morning it continued as dark as ever, but began to clear 
about half-past seven, and about eight o’clock objects could be faintly observed on 

deck. From this time it began to clear very fast The appearance of the 

ship when daylight returned was most singular ; every part being covered with falling 
matter. It hail the appearance of calcined pumice-stone, nearly the colour of w'ood 
ashes ; it lay in heaps of a foot in depth on many parts of the deck, and several tons of 
it must have been thrown overboard ; for though an impalpable powder or dust when 
it fell, it was, when compressed, of considerable weight. A pint measure of it weighed 
twelve ounces and three-quarters ; it was perfectly tasteless, and did not affect the 
eyes with a painful sensation ; had a faint smell, but nothing like sulphur ; when 
mixed with water it formed a tenacious mud difficult to be washed off.” 

Approaching Sumbawa on the loth, the “Benares” encountered an immense 
quantity of pumice, mixed with numerous trees and logs with a burnt and shivered 
appearance. The fall of ashes at Bima, 40 miles from tlie volcano, was so groat as to 
break in the Resident’s house in many places. The Kiqah of Saugar described some 
of the stones which fell there to liavc lK»en as large as two fists, though not generally 
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The great eruption of Vesuvius in 79 furnishes us with an ex- 
tent example of the manner in which the sur&ce of a country 
may be* covered up by the discharge of volcanic ashes and lapillii 
80 that various works of art and use are preserved for our inatruc- 
tiom Pompeii not only shows us pmntings still remaining on the 
walls of the houses, but also a great variety of delicate articles, 
tending to those of the women’s dressing-oases. At Herculaneum 
we have even tlie writings of the time on papyri, in part still 
legible. We see an abundance of men’s works as they were 
overwhelmed by the discharge of the ashes and ciinlcrs upon 
them, and often in a condition, after Iniing thus buried beneath 
mineral matter, permeable to water, for 1800 y(nir8, wl ch might 
not at first be expected. So little geneml injury scciiw to have 
been sustained by the town, even by tlie shocks of explosions so 
near, or earthquake movements, that the crushing in of housc'-t< >ps 
by means of the weight of ashes and cinders, and the filling up of 
all comers by the finer dust, appear to have been the cliief cflccts 
produced. Walking in the street of tombs at Pompeii it seems to 
require little else than the presence of* persons clotlicd in the cos- 
tume of the place when overwhelmed by cinders and ashes, to have 
that street presen tfi to us as it appeared 1800 years since. As 
showing tliat not only bones may be preserved under such conditions, 
but the form of the flesh itself which clothed them, two remarkable 
instances have occurred at Pompeii, where parts of the human form 
retained their external shape, the enveloping ash having been 
sufficiently consolidated, before the decomposition of’ the fleshy 
parts. The thickness of the ashes and lapilli which covered up 
Stabise, Pompeii, and Herculaneum in 79, has been estimated as 
varying from 60 to 112 feet in depth.* 

There are few things wc can consider more suddenly destructive 
of teiTestrlal animal and vegetable life than these great volcanic 
eruptions, particularly within areas where several feet of lapilli and 
ashes can be accumulated over a considerable area within a few 
days. The whole surface previously clothed with vegetation, 

above the size of walnuts. A great whirlwind is mentioned by the Rajah, “ which 
blew down nearly every house in the village of Saugar, carrying the tops and light 
parts along with it. In the part of Saugar adjoining Tomhoro, its effects were much 
more violent, tearing up by the roots the largest trees, and carrying them into the air, 
together with men, houses, cattle, and whatever else came within its influence.” Many 
thousands of lives were lost, and the vegetation of the north and west sides of the 
peninsula was completely destroyed, with the exception of a high point of land whore 
the village of Tomhoro previously stood, and where a few trees still remained . — Life 
of Sir Stamford Raffles, 

* Dauheny, Description of Active and Extinct Volcanoes,” 2nd edit., 1848, 

p. 221. 
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with a multitude of land molluscs and insects, with many birds and 
mammals, may be all covered with a thick coating of these volcaift 
products ; many of the molluscs and insects close to the plants on 
which they may have been feedings In regions where bo^ pre^ 
vail, large tracts of these vegetable accumuktions may be buried, 
with any birds, insects, or molluscs frequenting them, a thidk 
layer of ashes and lapilli, the subsequent oonsoli^rion of which, by 
geological causes, might produce the deceptive appearance of a 
molten rock having flowed over them without producing those 
effects which would, under the latter supposition, have been 
anticipated. Indeed, when we have to study the fossil vegetation 
of some regions, a reference to the conditions under which trees 
and even bogs may be covered by volcanic ashes is one by no means 
to be neglected.* 

In tideless seas, terrestrial animal and vegetable substances, borne 
down floating on the rivers, necessarily pass out over the dense 
waters of the sea to various distances, according to circumstances, 
and may be transported still further than the force of the river 
waters have carried them by favouring currents, should there be 
such, or by winds, the latter capable of driring them about in 
various directions, should they change. The body of a drowned 
animal, the decomposition of which is sufficiently advanced to give 
it tlie specific gravity capable of floating (and it should be 
recollected that it would float easier in sea than in fresh water, as 
regards its own specific gravity), may be thus drifted a considerable 
distance until eaten, or too much decomposed to float. Small 
animals may be readily consumed, bones as well as flesh, by the 
larger veracious fisli; but the bones of the larger mammals might, 
under favouring circumstances, find their way to tlie bottom, even 
in deep tideless seas, like parts of the Mediterranean, to be there 
mingled with the remains of molluscs or other creatures inhabiting 
the same depths. 

The observer has, in like manner, to consider the various land 
plants and trees which can be carried long distances, sometimes with 
live creatures still upon them, parts of the latter subsequently, at 
least those which may escape the voracity of marine animals, 

* It is stated that in consequence of the great eruption of Skaptar-jdkul in 1783;, the 
atmosphere over Iceland was impregnated with dust for a long time. Traces of this 
dust were observed in Holland. It is evident that bogs in Iceland may readily become 
buried beneath volcanic ashes and cinders under such conditions. W'e may take the 
groat explosion of the SoufiVi^re, in Guadaloupe, in 1812, as an example of the destruc- 
tion of vegetable and animal life, and of a considerable covering of both in many 
places in a tropical region. It was during this eruption that ashes were conveyed to 
Barbadoes by an upper current of wind, opposite to the trade wind. 




m PRESERVATION OF ORGANIC 8ESA1N8 [€& VTH. 

lettered over various depths of the sen hottoiu. It will require 
fRtle attention to see how often the dead shells of land molluscs get 
thrust out seawards, their modes of floatation at first being such as 
to keep them above water. The positions necessary for this pur- 
pose will depend upon the state of the sea surface at the time. If, 
notwithstan^ng the state of weather which may have caused floods 
in the interior of adjoining lands, lifting off the dead shells from the 
low grounds in multitudes, the sea be moderately calm, the land 
shells will be carried on with the river waters, but if there be a 
breaking sea they soon get upset and sink. 

In such situations we have also to regard the mingling ol 
detrital with organic matter, which may be effected by the ])ush- 
ing forward of the sands and gravel on the bottom of the rivers. 
Many a drowned animal may thus become mixed up with a delta 
advance, and many a river and land mollusc be includt^d amid a 
general subaqueous drift. Trees often get entangled and buried (ni 
the coast, as well as floated off seaward. 

Thus in tidelcss seas we have the ready means of transporting 
terrestrial and fluviatile vegetable and animal remains to various 
distances seaward, some under favourable circumstances, capable of 
being embedded in marine deposits at various depths, while others 
are included amid the detrital accumulations formed by the action 
of the rivers, thrusting out silt, sand, and gravel from the shores, 
not forgetting any calcareous deposits which may sometimes be added. 

In estuaries we obtain a state of things somewhat different. In 
them a check is afforded at each flood tide, to all borne floating 
out by rivers, so that when great freshets prevail in tlie rivers, all 
caught up by the floods in the interior and floated off low grounds, 
or borne to the main streams by tributaries, arc arrested in their 
progress. The floating bodies of animals, trees, and smaller plants, 
arc thus not permitted to escape directly seaward, but arc liffed by 
the height of the tide over any low grounds bordering the estuary, 
these flats, at such times, being more than commonly covered with 
water. When the ebb tide lowers the waters, the various substances 
floated over the estuary lowlands not unfrequently remain upon 
them, more particularly if any wind prevailing at the time forces 
them on^he edges of the flooded lands. There is often a curious 
mixture of terrestrial, fluviatile, estuary, and more marine animal 
and vegetable remains, scattered over the estuary flats after such 
floods, more particularly should it happen, as it sometimes does on 
the western parts of the British Islands, that a heavy gale, accom- 
panied by much rain, occurs at a time of spring tides, so that the 
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high tidal oombmed with an oti^^hore wind, the aai miim 
still higher, are met by strong freshets from the land. Under ocd^ 
nary conditions, fringes of estuary fuci, mingled with land plants 
estuary crustaceans and molluscs and land shells, with here and 
there the remains of some creature, more strictly marine, axe fiuni- 
liar to all visiting estuaries. 

Although amid the deltas of rivers delivering their waters into 
tidcless seas, among the lagoons formed and the coasts adjoining, 
there may be variable mixtures of fresh and sea waters, affording 
proj3cr places for the growth and increase of vegetables and animals 
fitted lor living in brackish water, the conditions are different 
from those of an estuary. In the one case the waters are stationary, 
except so far as floods from the interior may force forward an 
extra amount of fresh water, or a prevailing on-shore wind may 
drive in a greater volume of sea water; while in the other, large 
tracts are sometimes bare at one time and covered by water at 
another, the amount of the saline mixture being variable also, 
depending on the state of the tide and the volume of fresh water 
falling for the time into tlie estuary. And here it is necessary to 
remark that the observer should not consider as an estuary one of 
those great indentations of a coast, commonly termed an “ arm of 
tlie sea,” and which is but the consequence of the sea level cutting 
a previously-formed inequality of the land surface, not unfrequently 
the prolongation of some valley. No doubt the one kind of' coast 
may sometimes shade into the other, but as regards the kind of 
life inhabiting estuaries, we should consider brackish water as 
essential to the latter ; at all events to such an extent that at low 
tide a river, the waters of which become fresh or brackish, should 
occupy the channel left. 

Under the conditions of an estuary silting up in the manner 
previously noticed, it must necessarily happen that the molluscs 
and other creatures inhabiting different surfaces, or small depths 
beneath them, died, such harder parts of them as might be pre- 
served remaining at levels corresponding with such surfaces, here 
and there mingled according to circumstances, with vegetable and 
animal remains, drifted as above mentioned. It will be well to 
examine the manner in which the different parts of an estuary 
surface may vary at the same time as to the animal life existing 
upon it, from the creatures inhabiting the little rills of water 
which only get checked at spring tides, otherwise meandering 
amid the higher estuary mud or clay-flats, to those in or upon the 
sands in the more exposed situations, covered by every tide. 
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The manner in which terrestrial animals may become caught 
in the softer places should also receive attention, esjx'cially where 
springs, readily finding their way beneath silt and sand, lorin (juak- 
ing or quick sands which engulf them, their bones remaining after 
the flesh has been consumed by the scavenger animals. An observer 
should by no means neglect the foot-prints of terrestrial animals, 
nor indeed of any leaving marks or trails, such ha^'ing lately, and 
very deservedly, become of geological importance. These loot- 
prints are often excellently well preserved upon the mud or clay 
flats, or gently-sloping grounds of estuaries. Very many estuaries 
around the Britii^ Islands aflTord abundant opportunities for die 
study of the mixed foot-prints of birds and mammals upon the 
mud or clay, more especially during the heats of summer, and at 
neap tides, when extensive surfaces, covered at spring tides, may 
be bare and exposed to the drying influence of the sun. We have 
often seen the foot-prints of common gulls, where these birds have 
been busy around some mollusc, crustiicean, or fish drifted on shore, 
and sufficiently in a fresh state for their food, most beautifully 
impressed upon clay or mud, hanl dried by the sun, the coursers of 
the birds, sometimes single, at others in pairs or more numerous, well 
preserved. In the same way the tracts of other birds are common, 
crossed here and there by those of rabbits, liarcs, stoats, and 
weazles, and (xciisionally of dogs. In S(nnc localities, after an area 
of mud or clay, thus trod upm during the difference of time 
between the spring and the neap tides, has been well dried by 
the heats of the summer sun, with deep cracks formed from 
loss of moisture, pieces of the mc)st instructive kind may with 
care be taken away, further dried and preserved, and even baked 
into a brick substance, if the composition of the clay be well suited 
to the purpose. Mingled with these marks we have often also the 
trails of molluscs, as also those of estuary crustaceans, striving to 
regain the water, after finding themselves left by the tide. 

It might at first be supposed that the rise of the tides over this, 
for the time, somewhat hard surface, marked by the foot-prints 
and trails of different animals, would entirely obliterate all traces 
of them. How far this may be effected will, however, depend 
upon circumstances. If the rise of the tides from neaps to springs 
were accompanied by much ripple or waves from winds, it would 
be anticipated that the fine detritus constituting the mud or clay 
would, when remolstened, be readily caught up in mechanical 
suspension, so that all traces of foot-prints and trails would be 
removed. In all situations where sucli ripple or waves could be 
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Iclt this would be cx[)ectcd. All parts of estuaries arc, however, 
rarely ( xposcid to such influences at the same time : many a nook 
remains tranquil ; and in those where the accumulation of detritus is 
in progress, and films or fine layers of mud succeed each other, if one 
Ixjcomc s liardencd bclbrc another is deposited, a line of separation 
more or less permanent is usually established between them. We 
are sometimes able to separate these layers firom each other, after 
careful drying, so that foot-prints are seen upon many surfaces, 
beneath each other. We We been fortunate in this respect 
with some portion of sun-dried mud of the Severn estuaiy, 

Sir Charles Lyell has pointed out ihe manner m which £oo^ 
prints of the sandpiper {Tringa minvJtd) are not only preserved in 
the red mud of the Bay of Fundy (a locality so &vouiable from its 
tides, for the exposure of much ground at the neaps), but also 
repeated upon the different layers of accumulation. 

In some estuaries, long necks of sands and sandhills so, in part, 
cross their mouths, that bays of still or comparatively still water, 
occasionally of considerable area, occur behind them, the main 
streams of tide flowing elsewhere. Let us assume, for illustration, 
that fig. 50 (p. 55) represents some estuary of this kind, and that, 
Instead ot‘ a shingle beach, dt is a tract of sandhills, perhaps extend- 
ing several miles in length, then e would be the kind of bay 
noticed, left in comparative quiet, as regards the stream of tide, 
flowing chiefly on the opposite coast. Much would of course 
depend upon conditions as to the kind of deposits effected at e, but 
under the supposition that the set of the tides was such as not to 
cause a sweep of the stream round this bay, it would be favourable 
for the occasional deposit of tlie finer sediment or mud borne 
down the river, /, by floods. At the same time it would be 
exposed to the drift of sand from the sandliills, d. In such 
localities, we have seen the foot-prints of mammals and birds, 
liardcned in the sun, well strewed over by the drift sand from the 
sandhills ; and it should be observed, tliat the same winds which 
were powerful enough to disturb the sandhills and cause the drift, 
vrould be prevented by the shelter afforded behind the same hills 
from disturbing the bay waters near the shore, these waters being 
under the lee of the sandhills, so that even in the shore and 
shallow waters the sand may be drifted over the mud or clay, 
filling up the hollows of the foot-prints. 

Should the general surface of the land be subsiding gradually, as 
regards the sea level, it will be obvious that great estuaries may 
present conditions highly favourable to the preservation of the foo^ 

K 



130 


PRESERVATION OF OROANIC REMAINS. 


[cii. vm. 


prints ol animals, the actual remains of which, amid the th-tritul 
accumulations, may be most rare. Many n([uatic binls Imiucutiii}' 
estuaries at particular times, often when driven to seek their IIkhI 
in such situations, from tempestuous weatlier in their nuuo coiunion 
sea haunts, may tlius leave their foot-prints, the ciiulitioiis for the 
preservation of whose bones in the estuary deposits tlieinselves 
would be of the most rare kind, indeed not to be expected, except 
under the accident of some individual being killed when up the 
estuary. With the most truly estuary birds, those which build and 
commonly live on estuary shores, the case might be different. 
Upon the supposition of a gradual change in the level of the sea, 
the land deseeding, we might have sands abundantly thrust 
forward over day with foot-pnnts and trails. Alowering of a mass 
of sandhills, partly barring the mouth of an estuary, would at once 
place much arenaceous matter within the transporting influence of 
the tidal waters, to be drifled over mud flats, formed previously 
behind them. In some regions the mass of sand, eitlier accumulated 
as partial and sub-aerial bars, or more gathered together by the 
sides of estuary mouths, to be again thrown into tides, however 
eventually other sandhills and tracts might arise (conditions con- 
tinuing fiwourable), would be considerable. 

That the remains of cetaceans should be found amid estuary 
accumulations, as also those of numerous fish, some of them more 
known as purely marine than estuary, will not surprise those who 
may have seen the porpoises dashing up the estuaries of our coasts 
in chase of fish which they liavc driven Ixjforc them, and their oc- 
casional entanglement in shoal waters, when left by a quick-falling 
tide. Other cetaceans also get sometimes stranded. It is more 
common to find the chased fish, especially the smaller fry, driven 
on shore. The birds, no doubt, then pick up the lish abundantly, 
so that only a mmor portion may leave their hard remains for 
entombment, and doubtless, also, the cetaceans often escajK! in the 
pools where they maybe caught upon the rise of the tide, but there 
are still many chances for the preservation of the harder parts of 
these animals amid estuary accumulations which should not be 
neglected. 
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OnOANlC REMAINS IN MARINE 1 >EI* 0 SITS.— MODIFICATION OF CONDITIONS ON 
COASTS OF AMERICA.— OP PACIFIC OCEAN.— OP THE INDIAN OCEAN.— OF 
COASTS OF AFRICA AND EUROPE.— OF ARCTIC SEA.— DISTRIBUTION OF 
MARINE LIFE.— MODIFICATIONS FROM TEMPERATURE AND PRESSURa — 
FROM LIOMT AND SUPPLY OF AIR.— RESEARCHES OF PROF, a FORBES IN 
THE jEOEAN SEA.— ZONES OP DEPTH.— PROF. l5yEN ON TRSIKHULUSCS OF 
NORWAY.— ZONES OF DEPTH IN THE BRITISH SEAS.— ORGANIC REMAINS 
DEPOSITED IN THE DEEP OCEAN.— ON COASXa 

It is in connexion with the sea, looking at the evidence afibrded 
ns by the various fossiliferous rocks of different geological ages, 
that wc should look for the preservation of the great mass of animal 
remains amid the detrital and chemical deposits of the time. We 
have seen that, by means of rivers and winds, various plants and 
animals, or their parts, may be borne into the sea, and that in es- 
tuaries wc may have a mixture of terrestrial and marine remains, 
and of others suited especially to such situations. In respect to 
estuaries, some so gradually change into arras of the sea, to be seen 
on the lai’gc scale in the Gulf and River of St. Lawrence, and otlier 
situations, and equally well in numerous localities of far less area, 
ill various parts of the world, as for inshmee, in tlie Bristol Cliannel 
and the Severn estuary, that no marked distinctions can be drawn 
between the one and the other. 

Viewing the coasts of the world generally, wc not only have to 
regard all the modifications for the existence of marine animal life, 
arising from the more or less exposed or sheltered situations of 
headlands, bays, and other forms of shore, but also the mingling of 
fresh waters with the sea under the various circumstances con- 
nected with the drainage of the land into the sea. Let us consider 
the modifications of condition for the existence and entombment of 
marine animal life from Cape Horn to Baffin’s Bay. First, tliere 
is the difference of climate, producing miKliiicatlons of no slight 
order, more especially in moderate depths. From Cape Horn to tlie 
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West India Islands, with tlie exception of the Stmits of Magellan, 
there is an unbroken oceanic coast, subject to the act ion of the tides, 
upon which bodies of fresh water ore tlirown by drainage cliannels 
in different places, the chief of which are the Rio do la Plata, the 
Bio de San Francisco, the Tocantins, the Azt^icusons, and the Orinoco 
rivers, delivering the portion of rains and melted snows not taken 
up by the animal and v^table life, or required fcr the adjustment 
of springs or other interior conditions of a large part of South 
America. After a line of coast little broken by rivers, wc find ex- 
tensive estuary conditions at the mouth of the Plata, and not far 
beyond Lake Mirim, about 100 miles long, a body of water 
apparently cut off from the ocean by coast action, and draining 
into another lake or lagoon, Lago de los Patos, having a channel 
still open to the main sea, and about 150 miles long, witli an 
extreme breadth of about 50 miles. In these two bodies of water, 
receiving the drainage of the adjoining land, there arc necessarily 
modifications of the occaai conditions for lilc, and for the entomb- 
ment of its remains outside in the main sea. A range ol‘ coast 
succeeds, to which comparatively small rivers discharge thcmselv(‘.s, 
until the San Francisco presents itself, and so on afterwards until 
the mouths of the Para and Amazons join in forming (including 
between them the Island of Mamjo) great estuary conditions, the 
tides Ixiing felt up the latter river, it is stated, COO miles, that 
there are several in the river at the same time. 

The mouths of the Orinoco present us with dclta-lbrra accu- 
mulations, and then comes the Carribbean Sea influenced by the 
ponded-back waters of the Gulf of Mexico, so that a kind of tidelcss 
sea shades into one where the tides are more felt. More northerly 
the Gulf stream is seen, transporting warmer waters to colder 
regions, and skirted by a shore, marked by a line of lagoons for 
above 200 miles on the coast of Florida, one of them named the 
Indian river, about 110 miles in length, with an extreme breadth 
of 6 miles ; another, the Mosquito lagoon, being about 60 miles long, 
with the like extreme breadth. Thence a much-indented shore, on 
the minor scale, continues until we come to Cape Fear (Carolina), 
where the lagoon conditions obtain, a kind of barrier, broken by 
passages termed inletB^ permitting the ingress and egress of sea 
waters. In Core, Pamlico, Albemarle, and Currituck Sounds, we 
find a great body of water of an irregular shape, measuring along 
the line of barrier separating them, except where broken by inlets 
from the ocean, about 160 miles in length. Rivers drain into this 
body of water in various directions, so that estuary conditions obtain 
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in difliTcnt places, while the great barrier banks, a point of one of 
which forms Cape Hatteras, place it under a modification of the 
conditions outside in the main sea. More northward, we obtain the 
great indentation of Chesapeak Bay, with its minor breaks into the 
land, the chief of which is the Potennao; and then the Delaware 
Bay, with its river extending inland, the lagoon coast and its iii^i 
continuing fiom Cape Charles (nor^ eiifiMmoe 
towards the Delaware, and from near Cape Waty (Ddawaie Bay), 
about 85 miles to the northward. Next Mows the mouth of the 
Hudson, and the modifications arising from the shelter cf Ijong 
Island up the sound at its bock, the lagoon character still apparent on 
part of its ocean coast. After shores variously indented, we reach 
the Bay of Fundy with all the modifications due to the great rise 
of tide (p. 78) at its northern extremities. This is succeeded by 
tlie great estuary conditions of the St. Lawrence, and finafly the^ 
large indentions of Baffin’s Bay and Strait and Hudson’s Bay and 
Strait, and all the other channels of the cold regions of North 
America commimicating with the Atlantic Ocean. 

It is impossible, when directing our attention to this long line of 
coast, so variously modified in cliaraeter, and necessarily so different 
in climate, not to see how very modified must also be the conditions 
for the existence of life and the preservation of any of its harder 
parts. One contemporaneous coating of sedimentary or chemically 
deposited matter must include the remains of very different creature^ 
either living upon ©r in the surface accumulations, as well as the 
vegetable and animal remains drifted into it from the land. The 
molluscs inhabiting^the coasts of the cold regions would be expected 
to differ materially from those in the tropics, and the plants and ter- 
restrial animals and amphibious creatures of the latter would vary 
from those in the former. The organic remains buried in the deposits 
of tlie Gulf of Mexico, though entombed at the same time as those 
in Baffin’s Bay, could scarcely be expected to offer the same cha- 
racters. 

If, instead of the eastern coast of America, we look to the western, 
the first marked difference which presents itself is the absence of 
great rivers up the whole of the southern Continent and the land 
connecting it with the wide-spread northern part. Numerous shel- 
tered situations are to be found amid the islands and inlets extending 
from Cape Horn to, and including the island of, Chiloe ; after which, 
lor about 6000 miles of coast, to the Gulf of California, the shores 
are little broken by indentations, except at Guayaquil and Panama, 
and do not present a single estuary of importance as on the eastern 
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of i&e coRtiReni The mixture of fresh water with the oceans 
on either side is very different as are also the conditions for estuary 
life imd the transport of terrestrial and fluviaiale organic remains for 
entombment in the coast sedimentary accumulations. Even after 
we have passed the Gulf of Califomiai and the Colorado delivering 
its waters at its head, there is, for about 2000 mileSi from Cape 
S. Lucas to Vancouver's Island, a sHghtly-indcnted coast and a 
minor discharge of drainage waters, with the exception of those 
delivered by the Columbia or Oregon. Subsequently more north- 
ward, for about 800 miles, islands and inlets are common, offering 
modifications lor the existence of marine life, as regards hclter and 
exposure to waves produced by winds, to Sitka Island and Cross 
Sound. After which comes the variously-indented coast extending 
to the Aleutian Isknds, and so on to Behring Straits. 

Though wc liave the same range through climates, the character 
of the two coasts of the American continent varies so materially 
that we can scarcely but expect very important modifications, as 
well in the life as in the physical conditions under which it is 
placed. We have not only to regard tlic very great dllierenco in 
the amount of fresh waters discliargcd on tlie east and on tlic west, 
with its consequences, but also the ponded waters of the Mexican 
Gulf and their continuation into the Carribbean Sea, with the result, 
the Gulf Stream, on the one side and not on the other, not neglecting 
the important difference presented by tlic great Mediterranean Sea, 
of Hudson’s Bay and Baffin’s Bay on the east, and tlic kind of coast 
found on the west. To this also should be added the great barrier 
offered by America to tlie passage of tropical marine animals from 
one ocean to the other.* 

It may be useful to glance at the great mcxlification of conditions 
on the western side of the Pacific. Thougli a great portion ol‘ the 
drainage of Asia is disposed of in other directions, the surplus 
waters of a large area still find their way to the cast coast. The 

♦ According to M. Alcide d’Orbigny, of 362 species of molluscs in the Atlantic and 
Great Oceans, there is only one common to both, Sipiionaria Leasoni, Of these 362 
species, omitting the last, 156 belong to the Atlantic, and 205 to the Great Ocean. 
He also remarks that, if the two sides of the American continent be compared, the 
proportion, in the Atlantic, of gasteropod to lamcllibranchiato molluscs, is 85 to 71, 
while in the Pacific it is 129 to 76. Of 95 genera considered to be proper to the 
shores of South America, 45 only are common to the two seas. This M. D’Orbigny 
attributes to the steep slopes of the west side, the Cordilleras rising near the coast, 
and rocks being more numerous than sandy shores, so that gasteropoda would bo 
expected to be more common, while the Atlantic coasts present mud, silt, and sand in 
great abundance, with gently-sloping shores for a large proportion of their length.— 
Redierchea aur lea hia qui Preaident a la Distribution dea Molluaquea Cotiera Marina, 
Coniptea Renduea, vol. xix. (Nov. 1844). Ann, dea Sciencea NaturelleSf Third Series, 
vol. iii., p. 193 (1845). 
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SaghaUan river throws its waters, derived firom a eonaiderable area^ 
behind the ishmd of the same name, to be dri^ mto tfie OkholdE: 
Sea on the north, or the Japan Sea (m &e sontib^ aa tbs case 
be. Botb these seas are, to a certain extent, ttqpaiated firom the. 
main ocean by the range of isbrnds, composed of the Ebiitila. and 
Japanese islands, extending firom Kamsehatka to Corea, die Jaiam 
Sea especially, firom the great mass of island land interposing between 
it and the Pacific, offering the character of a Mediterranean Sea* 

Proceeding southerly we arrive at the Yellow Sea, which receives 
the abundant drainage effected by the Hoang Ho and its tributaries, 
and more southerly still we find the body of fresh water discharged 
into the sea by the Yang-tse-kiang. Thence, to the south, imtil 
the Si-kiang with its tributaries presents itself in the Canton estuary, 
comparatively minor rivers flow into the ocean, the coast being 
much indented, smaller rivers and streams often discharging in the 
upper parts of the indentations. 

The Island of Hainan, with the great promontory stretching to 
meet it from the main Chinese land, forms the Gulf of Tonquin, 
into which the San-koi and other rivers discliarge their waters* 
The amount of fresh water poured into the sea on the eastern coast 
of Cochin China is subsequently of no great importance, and it is 
not until we arrive at the delta of the Maikiang or Camboja that 
the sea is much influenced by the influx of fresh waters, an in- 
lliiencc again, however, to be repeated at the head of the Gulf of 
Siam, by the outpouring of the Meinam, a river remarkably parallel 
with the Maikiang for about 700 miles, the latter holding a 
singularly straight course, as a whole, to the N.N.E., tor about 1750 
miles.* * The remaining portion of the Asiatic continent, formed by 
the Malayan promontory, throws no important body of fresh waters 
into the sea in the form of a main river. 

From Kamsehatka nearly to the equator we thus have a con- 
tinental barrier, for the most part not wanting in the outflow of 
bodies of fresh water, sufficient to produce marked influences on 
parts of the coasts, and consequently upon the conditions under 
which animal life may exist along it, and the remains of terrestrial 
and fluviatlle plants and animals be drifted outwards into any 
sedimentary or chemical deposits now forming adjoining it. Minor 
parts of the ocean are also, to ascertain extent, separated off by 
islands, the range of the Philippines and Borneo, in addition to 
those mentioned, tending to portion off the ocean down to the 

* Considoring the infcroiico to be correct, as U appears to' be, that the Latchou ia 
the up|)er part of the Maikiang. . 
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equator, so that, as a whole, a marked modification of physical 
conditions is observable on the cast and west coasts ol’ the Pacific 
Ocean. 

From the equator southward we have no longer a mass of un- 
broken land on the west to compare with the continuous continent 
of America on the east. A barrier to the free passage of tropical 
animal life, supposing other conditions equal, is not presented on 
the west. Although much land rises above the surface of‘ the sea, 
tlie mass of Australia not so very materially of less area than that 
of Europe, and Borneo and New Guinea exposing no inconsiderable 
surfaces, there are channels of water amid them permitting tropical 
marine creatures to extend themselves under fitting circumstances. 
Though, with the exception of Australia, the various islands may 
not offer areas sufficient for the accumulation and discharge of‘ fresh 
waters equal in one locality to some of the great rivers of‘ the world, 
collectively they embody conditions for the outflow of much fresh 
W'ater around many of them, so that estuary and brackish water 
conditions obtain, and consequently physical circumstances fitted 
for the modification of life. So far as the eastern coast of Australia 
is concerned, it presents about 2000 miles of shore not more broken 
or affording more fresh water than tlie opposite coast of South 
America. The western part of the Pacific differs from the eastern 
portion in the multitude of points and sinall areas tlirough which 
the floor of the ocean reaches the atmosphere, productive of a com- 
bination of influences affecting animal life and the accumulation of* 
its harder remains. 

While on tliis subject, it may be well to call attention to the 
material changes which would be effected if, by any of those al- 
terations of the level of sea and land wlilch the study of geology 
teaches may be reckoned by differences very far exceeding the 
depths required, channels of communicati(;n were established 
between the Atlantic and Pacific Oceans by a sufficient subsidence 
of the Isthmus of Panama, or the communication cut off between 
the Pacific and Indian oceans by an uprise of the land and sea bottom 
between Australia and the Malayan Peninsula, one stretching 
through Timor, Floris, Java, and Sumatra. If the multitude of 
oceanic-islands in the Western Pacific did not too much break up 
currents, we may suppose a certa^ amount of* ponding up of waters 
inside the Moluccas, Borneo, andthe Philippine Islands somewhat 
resembling that now effected behind the West India Islands, witli 
perhaps also a modification of the Gulf Stream," escaping along the 
coast of China. Startling as-, at first sight, such changes may appear, 
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the geological student has to accustom himself to consider modi* 
Hcations in the distribution of land and water, and elevations tuod 
depressions of a far more extended kind when he comes to reason 
upon facts connected with the accumulation and distribution of 
mineral and organic matter constituting rocks, formed at various 
geological periods. 

In the Indian Ocean we have shores confined to the tropical and 
temperate regions. For nearly 2000 miles the coast of Australia, 
from Cape Leeuwin to Cape Bougainville, presents us with no 
known great river pouring out a voliune of water sufficient to in- 
fluence an extended area. The same with the island range of 
Timor, Floris, Java, and Sumatra, and up the Malay Peninsula, to 
the head of the Gulf of Martaban, where the Irawaddy thrusts out 
its delta and discharges a voliune of fresh water, the drainage of a 
large area. From tlience to the mouths of the Ganges no important 
amount of fresh water is carried out into the sea. The great 
volume thrown into the sea by this river has been already men- 
tioned (p. 85). Hence to Cape Comorin we find rivers of varied 
magnitude, the most important of which are, proceeding south- 
wards, the Malianuddy, Godavery, Kistna, and Coleroon, draining, 
with minor streams, the great area of Southern India. As a whole, 
the Bengal Sea and Martaban Gulf receive a considerable quantity of 
fresh water, the discharge of which conveys a mass of detritus into the 
sea, and produces conditions in the waters and the sea bottom, which, 
beyond Cape Comorin, are not found for about 1000 miles, until 
we reach the Gulf of Cambay, into which the Nerbudda and other 
rivers discharge themselves. We find another volume of fresh 
water th'rown into tlic sea by the Indus, still more northerly, after 
which we obtain the moderate outflow of fresh water of tlic coast 
of Bcloochistan, the great indentation of the Gulf of Oman, and its 
continuation the Persian Gulf, the ncarly-dry coast of Arabia, to 
the Arabian Gull' and its long-continued indentation, the Kcd Sea. 
From Cape Guiurdafui to the Cape of Good Hope, for about 4400 
miles, the sea seems little influenced by any considerable discharge 
of fresh water on the coast, excepting in such places as at the 
mouths of the Zambesi and two or three other locidities. 

Looking at the Indian Ocean as a whole, any influences upon 
marine animal life from fresh waters poured into the sea, with the 
greater amount of terrestrial and fluviatile plants and animals 
^rifted into the ocean by rivers, would be chiefly found in the 
Bengal Sea (including the Martaban Gulf] and upon the north-east 
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sliores of the Arabian Sea, with one or two places on the cast coast 
of Africa. Excepting Madagascar and Ceylon, the area occupied 
by islands is inconsiderable. The coasts lx)unding it on the east 
ai*e those chiefly of considerable islands (the mass of Australia 
better deserving the name of a continent), so that in the tropical 
regions there is a free communication by means of sea channels 
with the Pacific. On the west, Africa bars all direct communi- 
cation with the Atlantic, though at the same time the region 
terminated by the Cape of Good Hope and Cape Agulhas, trends 
southward, so comparatively little southward of the tropics, and 
currents (p. 93) so set from the Indian Ocean, round Cape Agul- 
has and up the south-western coast of Africa, that there is no great 
land boundary between tropical marine life in the one ocean and 
the other.* The Indian Ocean is now cut off from marine com- 
munication with northern regions (however this may have been 
effected in former geological times, even as late as the tertiary 
period, by means of waters uniting the Red and Mediterranean 
Seas), while*it is well open to all marine life which may enter it, 
under fitting conditions, from the south. Herein it diflers from 
the Atlantic and Pacific Oceans, wliich range from the Northern to 
the Southern Polar regions. 

In the run of the African coast which bounds the Atlantic lor so 
long a distance on the east, fresh Waters flowing outwards through 
great drainage channels seem chiefly to occur at the Orange River, 
the Nourse, the Coanza, and the Congo, or Zaire, on tlie south of 
the equator, and at the (Juorra, Gambia, and Senegal, on the north. 
The coast northward of the Senegal bounds for about 1000 miles 
the Atlantic on the one side, and the great African Desert on the 
other. From the Desert to Cape Spartel minor streams only fall 
into the sea. The great indentation of* the Mediterranean then 
succeeds. 

The European rivers discharged into the Atlantic, or the tidal 
seas and channels communicating with it, arc inconsiderable streams 
as compared with the great rivers of the world ; indeed a large 
portion of the European drainage finds its way into the Mediter- 
ranean, Black, Caspian, Baltic, and Arctic Seas. Such drainage 
as falls into the Caspian is evaporated in that sea, and that not so 
treated in the Black Sea is evaporated in the Mediterraneiin ; with 
all which directly finds its way into the latter. So that from the 

♦ Due regard has, however, to be paid to the temperature of the current, considered 
to be that of the mean of the ocean, which flows for some distanee up the west coast 
of Africa, from the Cai>e of Good^Hopc, as also to tJiat stated to run from the south 
end of Africa some way up the eastern coast. 
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Baltic alone the drainage waters of Europe find their way into the 
Atlantic, in addition to those which flow directly into it, or the 
tidal channels and seas communicating with it. Enough, however, 
escapes in this way ^ to give a varied character to the coast con- 
ditions, as regards the mingling of fresh with sea waters, under 
which aquatic life may be found and, in part, entombed, and the 
remains of terrestrial and fluviatilc plants and a nimal s be also 
accumulated. 

In the Arctic Ocean, the coasts present us with much mingling 
of fresh water and sea, the drainage of a large portion of Asia and 
of a minor portion of Europe falling into it; part of the fresh 
water discharged into great indentations or arms of the sea, such 
os the White Sea and the Gulfe of Obi, leniseisk, Khatangskii, and 
IColima ; part through deltas, as the Petchora and Lena ; and part 
in a more ordinary form. The fresh water so supplied to the 
coasts of these regions is interrupted or lessened during many 
jnontlis of the year by the climate ; much of it being arrested in the 
form of ice, to be let loose in the warmer months. The ice, also, 
in tlie seas of these high latitudes, necessarily modifies the coast 
conditions lor life as it exists in the temperate and tropical shores 
of the world. The drainage delivered into the same ocean from 
North America is loss important than from Europe and Asia, Of 
the North American rivers flowing into this ocean, the Mackenzie 
would appear the most important, succeeded by the Back and 
Slave Rivers. The land and sea are so mingled on the north coast 
of America, and the ice and snows so abundant, that the shore 
waters become much influenced thereby. 

Looking to the Southern Ocean, we find the ice and snow of the 
Antarctic land most important^ as regards the shore conditions. A 
great barrier of ice, indeed, there occupies the position of the 
coast for a great extent, so that both in the Arctic and Antarctic 
regions we have to regard ice accumulated round the land, or 
formed in the sea, as most materially influencing the existence of 
marine life and the preservation of its remains amid sedimentary 
and chemical deposits. 

In such regions, also, we see the extension of marine life (vege- 
table and animal), and of aii-brcatliing creatures (birds and mam- 
mals) feeding upon it beyond the range of terrestrial vegetation, 
and of animals directly consuming it or the creatures which first 
feed upon it. 

Though such is the general fact, the conditions for the entomb- 
ment of the remains of terrestrial animal and vegetable life in the 
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Arctic and Antarctic regions are, as respects the present distribu- 
tion of land and sea, different. In the former, we liave the de- 
livery of important rivers into the sea, an abundance of water being 
discharged during the warm season when the ice is broken up at 
their moutlis, and the interior ice and snows are melting. The 
Obi and its tributaries alone drain a large Asiatic area, extending 
from lat. 47® to 67®. TheJenisei, risingfrom theTangnou and Little 
Altai Mountains, likewise flows through 20® of latitude to 70® N., 
while the Lena and its tributaries, considered to drain 785,565 
square (English) miles, rises (in lat. 57®) from the Jablonnoi or 
Stannovdi Mountains (the eastern portion of which looks upon the 
sea of Okhotsk), delivering itself into the Arctic Ocean, in about 
lat. 73® 38' N. Other rivers, also, flow northerly for considerable 
distances from the south, such as the Dvina, Petchora, Khatanga, 
Anabara, Olia, Olenek, lana, and Kolima. In Northern America, 
also, the rivers, though not numerous, flowing northerly, still show 
a drainage extending to the south for several degrees of latitude, 
though much interrupted by lakes.* Thus the Mackenzie, deliver- 
ing itself into the Arctic Ocean in about 69® N., flows from the 
Slave Lake by an outlet in about 61® N., giving 8 degrees of lati- 
tude for this course, during which the river receives the drainage 
from the Great Bear Lake. Eegarding the Slave Lake as a mere 
interruption, by which the waters are spread over a wider space in 
a depression, the waters discharging themselves by tlie Mackenzie 
are derived from a drainage extending over a considerable area 
(estimated at about 510,000 square miles), and reaching down to 
lat. 52^ 30' N., by means of the Slave River (running out of the 
western end of Athabasca Lake), and the Athabasca (flowing into 
the same lake also at its western extremity). 

In the northern parts of Europe and Asia, 3,000,000 square 
miles of which have been estimated as draining into the Arctic 
Ocean, and in some portion of North America, there are, therefore, 
conditions, particularly during the floods caused by the melting of 
the ice and snows, for thrusting forward the remains of terrestrial 
and fresh- water life into the northern seas, there to be mingled with 
detritus, upon the transport and accumulation of which icc has an 
important influence. We should expect that amid the intermixed 
land and sea, terrestrial animals often perish while crossing among 
the icc, at times when the latter is breaking up in the channels 

* Collectively the lakes of North America constitute a marked feature lii the 
physical geography of that part of the world. The volume of water in the chief lakes 
has been estimated at 11,9(X) cubic miles. 
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and gulfs, so that their bones are, under favourable conditions, pre- 
served in any sedimentary matter accumulating beneath. No such 
conditions prevail in the southern continent, which navigators have 
lately made known to us. No great rivers there flow outwards, 
and neither terrestrial plants nor animals, directly or indirectly 
living upon them, furnish their remains for mixture with any 
sedimentary deposits whieh may be forming. All aid which great 
river drainages afford to the latter is cut off, and the little detritus 
tliat can be obtained from the land seems only capable of being so 
derived directly in the few localities exposed to the breakers during 
the sliort period of the year when the shores are not bounded 
entirely by ice. For the liner matter, not ice-borne, entombing 
the remains of life, we may probably look, as affording the chief 
supply, to ashes and lapilli vomited from volcanos, and scattered 
over adjacent seas. 

Enough lias been stated to show the unequal conditions as to 
climate and the mingling of fresh with sea waters along coasts. 
The observer has next to consider the varied character of the shores 
themselves as regards the shallowness or depth of the adjacent 
seas, and the modifications of temperature, pressure, access of light, 
and conditions of intermixed air thence arising. It has been above 
seen (p. 96), that the volume of ocean is so arranged as to the 
specific gravities of its waters, that an equal temperature, con- 
sidered to be 39^ 5’, reigns in the sufficiently deep parts from pole 
to pole, water of higher temperature rising above these more dense 
waters in tropical regions, and of a lower temperature towards the 
poles. Though this^ even temperature may prevail at the proper 
depths, it is necessarily modified as the seas become shallow, or 
currents may transport warmer or colder waters, as the case may 
be, from one oceanic area to another. As the coasts are approached 
in the parts of the world where warmer waters float above those 
of 39^ 5% we have conditions under which the temperature 
decreases downwards below the level of the sea to 7200 feet, and 
upwards in the air to the greatest heights of land. Viewing the 
subject generally, therefore, and as far as temperature is concerned, 
marine animals which could support a decrease of temperature 
equal to about 39® 5' (the surface temperature being taken at 78®), 
could live from the level of the sea to the greatest depths in the 
equatorial ocean.* A higher temperature may be found under 
favourable conditions of shallow water and small tides in some 

* It will be St once obvious that thj^ dift'ereuoe of temperature is eaiaiy sustained 
by many land animals in different parts of tlic world. 
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tropical regions. In the polar areas, included within the lielts o( 
equal temperatures from the surface to the bottom of the and 
within which colder waters, as a whole, float above those of 39^ 5', 
there is a different state of things. Still regarding the subject 
merely with respect to temperature, the animals capable of living 
in the tropical i^ons, and unable to support lower temperatures 
than could not occupy the higher waters. 

While in the equatoriid parts of the world the tempera*^ of the 
ocean may not be very materially altered on its sur&oe, it is dif* 
ferent with those portions of its higher waters exposed to the 
clianges of winter and summer, so that the temperature of the 
sur&ce waters is there more considerably modified, especially upon 
coasts. The animals living in the shallow waters of such regions 
are, therefore, liable to an amount of difference in temperature not 
experienced by those inhabiting the seas of the tropics. This is 
more porticulwly the case on the shores of tidal seas, with their 
estuaries, where, even at liigh water, large tracts of coasts may 
only be covered by shallow waters, becoming dry at low tide. 

As regards mere temperature, it will be apparent tlmt a vast 
voliuiic ol‘ the southern ocean might bo tenanted by similar life, 
extended over its floor at any depths from about 7200 feet at the 
equator, 3600 in lat. 45^ S., the surface in 54^ to 58^' S., and 
4500 (eet in lut. 70 ^ S. ; and, probably, under the needful modifi- 
cations, considering the different distribution of land and water on 
the south and on the north, in a similar manner towards tlic 
northern regions. Modifications, also, arising in tlie various seas 
communicating with the main ocean, and nu^rc or loss separated 
from it, such as the Mediterranean, in the western part of which tlic 
waters beneath 200 fathoms have been supposed to remain at about 
a temperature of 55^,* must also be borne in mind. 

With differences of depth, the observer has to consider tlic dif- 
ferences of pressure to which any animal or vegetable living in the 
sea would have to be subjected, so that such life would be very 
differently circumstanced, though under equal temperatures, at the 
depth of 7200 feet at the equator, and in the shallow waters of ‘the 

♦ M. Berard found, at a depth of 1200 fathoms (without rcacliing bottom), between 
the Balearic Islands, a temperature of 53® *4, the surface water being at 69® *8, and 
the air at 75® *2. From other observations in the western part of the Mediterranean, 
at the'respective depths of 600 and 750 fathoms, and anotlicr not stated, it was found 
that the water was still at 55® -4, though the temperature of the surface water varied 
materially. M. D’Urville remarks that these experiments accord with some made 
by himself, also in the Mediterranean, at .300, 200, 2.V), 600, and 300 fathoms, when 
he obtained the rc8j)€ctive temperatures of .54® *.5, .54®* 1, .57® *3, .54® *6, and 64® ‘8 
— GeoTugkal Manual, .3rd edit., p. 25. 




cii. ixo 


AMID MINERAL ACCUMULATIONS. 


143 


oceanic regions where that of 39^ 5' rises ^ the surface. We 
cannot suppose an animal so constructed as to sustain a pressure of 
mor(3 than 200 atmospheres at one time, and of 2 or 3 atmospheres 
at another. A creature inhabiting a depth of 100 feet would 
sustain a pressure, including that of the atmosphere, of about 60 
pounds to the square inch, while one at 4000 ifeet, no very im-> 
portant depth, would have to support a pressure qf about 1830 
pounds to &e square inck 

Animals, among other condirions for ^dii^ existence are lid^pted 
to a given pressure, or certain ranges of pressure, so adjusted ^t 
they can move freely in the medium, either gaseous or aqueous, in 
which they live. All their delicate vessels, and the powers of their 
muscles are adjusted to it. When the pressure becomes either too 
little or too great, the creature perishes ; and, therefore, when act- 
ing freely in such a medium as the sea, an animal will not readily 
quit the depths in which it experiences ease. All are aware of the 
adjustment of an abundance of fish to the depths, to or from which 
they may frequently descend, by means of the apparatus of swim- 
ming bladders. This arrangement, however, only changes their 
specific gravities as a whole, the relative volume occupied by the 
air or gases in the swimming bladders, being the chief cause of 
difference, thougli, no doubt, also the squeezing process at great 
depths would diminish the volume of such other parts of their 
bcKlics, as were in any manner compressible, the reverse happening 
with a rise from deep waters to near the surface. So adjusted to 
given depths do these swimming bladders appear for each kind of 
fish, that it has been observed that the gas or air in the swimming 
bladder^ of fish brought up from a depth of about 3300 feet (under 
a pressure of about 100 atmospheres), increased so considerably in 
volume, as to force the swimming bladder, stomach, and other 
adjoining parts outside the throat in a balloon-formed mass.* 


* Pouillet, Klcmciis <lc Physiijue Kxpe'rimcntale, tom. i., p. 188. Soconde Edition. 

As regards Uie pressure and different depths in the sea, Dr. Buckland mentions 
(Bridgewater Treatise, vol. i , p. 345) that “ Captain Smyth, R.N., found, on two triads, 
that the cylindrical copper oir-tubc, untler the vane attached to Massey's patent log, 
collapsed, and was crushed quite flat, under the pressure of ab(»ut 300 fatlioms (1800 
feet). A claret bottle, filled with air, and well corked, was burst before It descended 
400 fathoms (24(K) feet). He also found that a Imttle filled with fresh water, and 
corked, had the cork forceil in at about 180 fatlioms (1080 feet). In such cases the 
fluid sent down w'as replaceil by salt water, and the cork wrhich hail been forced in 
w'os sometimes revci’sed." Dr. Buckland atlds that Sir Francis Beaufort had informed 
iiim that he had frequently sunk corked botUes in the sea more than 600 feet deep, 
some of them empty, others containing some fluid. “ The empty bottles were some- 
times crushed, at others the cork was forced in, and the fluid exchanged for sea w'ater. 
The cork was always returned to the neck of the Imttle, sometimes, but not always, in 
an inverted position.” Dr. Scoresby (Arctic Uegions, vol. ii.. p. 103) gives an account 
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While thus some kinds of marine animals have the power to 
adjust their specific gravities to the medium in which they may be 
placed, some molluscs, such as the nautilus, possessing it, others 
appear unable, under ordinary conditions, to raise themselves much 
above the sea bottom. It will be evident that the more their com- 
ponent parts are incompressible, and the fluids in them agree with 
die specific gravity of the sea in which they live (and the specific 
gravity of the sea does not appear to vary from any increase of 
saline matters in it to great depths, though water being slightly 
compressible, it will become more dense according to depth), the 
less they would experience the difliculties of a change of depth. 
On the contrary, the more any parts may be compressible, and air 
or gaseous matter be included in their bodies, the less would they 
suffer changes of depth with impunity. 

That light should have its effect upon marine as upon terrestrial 
vegetation we should expect, the light of day being important as 
well to one as the other, viewing the sulycct as a whole. It would 
evidently, also, be important to all marine creatures possessing the 
organs of vision, so that we should anticipate that the great mass 
of fish, crustaceans and molluscs which possessed eyes, would 
occupy situations and levels in the sea where they could obtain tlie 
light needfiil to them. The Pomatomus Telescopium, caught at 
considerable depths in the Mediterranean (near Nice), is considered 
to afford an example of adjustment to the minor amount of light 
reaching its ordinary abode, its eyes being remarkable for tlieir 
magnitude, and apparently constructed to take advantage of* all the 
rays which can penetrate the depths at which it lives. While, 
however, light may be absolutely needed for the existence of some 
marine life, it is not obviously necessary to others, those not possess- 
ing eyes. Many marine creatures seem to flourish under conditions 
in which it can be of little value, at the same time the influence of 
light may often be of importance where it is not suspected. 

It is not improbable that to the power of obtaining a proper 
amount of disseminated atmospheric air in waters, we may look for 
a very important clement in the existence of* animal and, indeed, 
of vegetable life in the sea. To the one and the other oxygen 
seems essential. At the junction of the sea and atmosphere, we 
haveXhe best conditions for the absorption of the air by water, the 
agitation of the surface from the friction of the atmosphere on the 
sea, particularly during heavy gales of wind, being especially 

of a boat pulled down to a considerable depth by a whale, after which the wood be- 
came too heavy to float, the sea water having forced itself into its pores. 
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favourable for a mechanical mixture of the two, assisting the ab- 
sorption of the air.* Of the amoimt of air, or rather of the ap- 
parently needful element, oxygen, at various depths in the sea, we 
seem to possess no very definite information, so that researches on 
this head are very desirable. From observations by M. Biot, on 
the gaseous contents of the swimming-bladders of fish, it has been 
inferred that such contents probably vary according to the depth.s 
at which such fish live. He found these swimming bladders nearly 
filled with pure nitrogen when they were those of fish inliabiting 
shallow waters, and with oxygen and nitrogen, in the proportion 
of of the former to latter, w'hen tliose of fish living at 

depths of from 3000 to 3500 f<*ot. 

According to M. Aime, the amount of air disseminated in the 
w'atcrs of the Mediterranean, opposite Algiers, is nearly constant 
from tlic surface to the depth of 5250 feet.f 

We might assume that, from its immediate contact with the air, 
surface waters would more readily obtain any needful dissemination 
oi' it than those situated at greater depths, so that the mode of 
con.suining oxygen would be adjusted to such conditions, animal 
life inhabiting great depths being so formed as to require it at con- 
siderable intervak In tidal seas we find certain molluscs adjusted 
to live in situations exposed to the atmosphere during the fall of 
every tide, wliile others inhabit places always covered by sea, except, 
pcrlinps, at equinoxial spring tides. From inhabiting shores some 
molluscs arc commonly considered as littoral species, while others 
arc well known as rarely obtained except in deep waters. 

Although general views may ha^'e been some time entertained 
with respect to the modification of marine life, depending upon the 
temperature, pressure, light, and ability to procure oxygen under 
which it may be placed, J it could scarcely be said that we had 
sufEcient data for the philosophical consideration of this subject 
until the labours of Professor Edward Forbes in the British and 
A^gi^an Seas supplied the necessary information. 

Professor E. Forbes pointed out that with regard to primary 

The friction of air upon fresh-^yator lakes produces the same result, inter* 
mingling the air and water. Cascades and waterfalls intermix them in many 
rivers, those especially in which fish swimming high, or inhabiting minor depths, most 
flourish. 

t Comptes Rendue de T Academie des Sciences, 1843, vol. xvi., p. 74’>. 

X The author entered somewhat at length on this subject, in 1834, in his Researches 
in Theoretical Geology, chapters xi.. xii., and xiii. To this work a table was appended 
by Mr. Broderip, containing all the information then known respecting the depths 
and kind of bottom at which recent genera of marine and estuary shells had been 
observed. 
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influences, the climate of the Eastern Mediterranean was uniform, 
and that the absence of certain species in the ilCgean Sea, charac- 
teristic of tlie Western Mediterranean, was rather due to a modi- 
fication in the composition of the sea water, from tlic impouring of 
the less saline waters of the Black Sea, than to climate* The 
influx of river water produces its consequences ; and it is remarked 
that, among 4(3 species of testacea collected on the shore at 
Alexandria, there were 4 land and fi-csh-water molluscs, 3 of which 
are of truly subtropical forms, f so that while in one part of the 
Mediterranean forms of this character are mingled with the ordinary 
marine testacea, in another, as at Smyrna or Toulon, the Melanopm 
is mixed with them near the former, and characteristic European 
pulmonifera near the latter. It is also shown by Professor E. Forbes, 
that while vegetables of a subtropical character may be borne down 
by the Nile, into the Mediterranean on the one side, uccompanying 
the remains of crocodiles and ichneumons, the Danube may transport 
parts of the vegetation of the Austrian Alps, witli the relies of 
marmots and mountain salamanders, the marine remains mingled 
with these contemporaneous deposits retaining a common character. 

With respect to modifications in conditions arising from depth. 
Professor E. Forbes divides the Eastern Mediterranean into eight 
regions, each considered to be characterised by its fauna, and also 
by its plants, where they exist. Certain species were found con- 
fined to one region, and several were asc.ertaincd not to range into 
the next above, whilst they extended into that beneath. “ (Vrtain 
specie's, " he adds, “ liave their maximum of development in eacli 
zone, being most prolific of individuals in that zone In wliich is 
their maximum, and of which they may be regarded as espi»eially 
characteristic. Mingled with the true natives of every zone are 
stragglers, owing their presence to the action of the secondary in- 
fluences which modify distribution. Every zone has also a more or 
less general mineral character, the sea bottom not being equally 
variable in each, and becoming more and more uniform as we 
descend. The deeper zones arc greatest in extent ; so that whilst tin* 

♦ lie attributes this cause the dwarfish character of the molluscs, with few ex- 
ceptions, when compared w'ith their analogues in the Western Mediterranean. “This 
is seen most remarkably in some of the more abundant species, such ns Pecten oper- 
cular is^ Venerupia iray, Venua faaviata^ Cardita trapezia, Madiola harbata^ ami the 
various* kinds of Bulla, Itiauoa, Fuaua, and Plrurottmia, all of which seemed as if they 
were but miniature representations of their more western brethren. To the same 
cause may probably be attributed the paucity of Meduaa>, and of corals and corallines. 
Sponges only seem to gain by it.**— Report of the British Association, vol, xil., p. 152, 
(Meeting of 184.3). 

f AmpuUarin wata, Paludina unirnhtr, and Cyrrna orientalia. 
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first, or most superficial, is but 12, the eighth, or lowest, is above 
700 feet in perpendicular range.”* 

White tracing the first region or littoral zone, which is thus 
limited to 12 feet, all the modifications arising from kind of bottom, 
rock, sand, or mud, are shown to have their influences, and the 
effects of wave action, bringing up the exuviae of animals inhabiting 
the next region beneath, are pointed out. The second region is 
estimated at 48 feet, ranging from 2 to 10 fathoms; the third at 60 
feet, between the levels of 10 to 20 fathoms; the fourth at 90 feet 
(20 to 35 fathoms); the fifth at 120 feet (35 to 55 fathoms); 
the sixth at 144 feet (55 to 79 fathoms); the seventh at 150 
feet (80 to 105 fathoms); and the eightli, all explored below 
105 fathoms, amounting to 750 feet, more than twice the depth of 
all the other regions taken together, tlie total depth amounting to 
1380 feet. 

So complete are the modifications in invertebrate life, produced 
hy tlie conditions in these various zones or regions, that only two 
species of molluscs were found common to the whole eight — viz., 
Area lactea and Cerithium limay “ the former a true native from 
first to last, the latter probably only a straggler in the lowest.” 
Three sjiecies were found common to seven regions ;t nine to six 
regions 4 and seventeen to five regions. § With regard to geo- 
graphic distribution and vertical range in depth. Professor E. 
Forbes remarks that those species which possess the one exhibit the 
other, more than one -half of those having an extensive range in 
depth, extending to distant localities, in nearly every case to the 
British sgas, some still further north, and some in the Atlantic, far 
south of the Straits of Gibraltar. He concludes “ that the extent 


* British Association Reports, vol. xii., p. 154. 

f Nucula margaritacea, MarghieUa clawlestinay and Defitalium 0-cosfntu^ ; the 
second considered to liave possibly dropped into the lower zones from floating 
sea-weeds. 


X Corhula nucleus. 
Near a cuspidata. 
Pandora ohfusa. 
Venus npicalis. 


Turritella ^-plivata. 
Tr if or is adrersum. 
Columbrlln linnri. 
Cardita (rnjtezitt. 
^fw/iola h-trha1a. 


§ Ne<vra vostcltata. 
Tellina pulcheiia. 
Venus m'nta. 
Cardita squamosa. 
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Xatica pnlchella. 
Fi.\soa rcntricosa. 

I cimicouics. 
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! Trochus exiguus. 

I Columhella msiica. 
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Tcrchrntuln detrunrata. 
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of the range of a species in depth is correspondent with its geo- 
graphical distribution.”* 

As regards the influence of light, Professor E. Forbes presents 
us with facts connected with the molluscs and other animals, 
deserving much attention and extended research, due allowances 
being made for the modifications produced, as he points out, and to 
be attributed in many cases to an abundance of nullipores, and to 
a beautlfiil pea-green sea-weed, Caulerpa proUfera. The majority 
of shells in the lower zone were found to be white, or, when tinted, 
of a rose colour, few exhibiting any other hues. In the higher zones, 
the shells, in a great many instances, exhibited bright combinations 
of colour. The animals also of the tcstacea and radiata, in the 
higher zones, were much more brilliantly coloured than iu the lower, 
where they are usually white, whatever the colour of the shell may 

be.t 

The researches of Professor E. Forbes have led him not only to 
attach great value to tlic bottom in or on which marine animals may 
live (and it will be obvious that creatures whose habits may be 
suited to mud would find themselves ill at ease upon rocky ground 
alone), but also to point out the effects prodiujed by the accumula- 
tion of tlie liarder parts of successive generations of marine animals 

* Reports of British Association, vol. xii., p. 171. 

observes the Professor, “we inquire into the species of Molliisca which are 
common to four out of the eight A^Igeaii regions in depth, we find that there are 38 
such, 21 of which are either British or Biscayan, and 2 are doubtfully British ; wliilst 
of the remaining 15, 0 are distinctly represented by corresponding species in the north. 
Thus among the Testacea having the widest range in depth, one>third are (’ellic or 
northern forms : whilst out of the remainder of JI*!genn Testacea, those ranging through 
less than four regions, only a little above a fifth are common to the British seas. One 
half of the Celtic forms in the jT'.gean, which arc not common to four or more zones in 
depth, are among the cosmoiK)litan Testacea, inhabiting tlie uppermost part of the 
littoral zone.” 

t Professor E. Forbes adds, “ In the seventh region, white species (of Testacea) are 
also very abundant, though by no means forming a proportion so great as in the eighth. 
Brownish-red, the prevalent hue of the Brachiopoda, also gives a character of colour 
to the fauna of this zone ; the Crustacea found in it are red. In the sixth zone, the 
colours become brighter, reds and yellows prevailing, generally, however, uniformly 
colouring the shell. In the fifth region, many species are banded or clouded with 
various combinations of colours, and the number of white species has greatly 
diminisheti. In the fourtli, purple hues are frequent, and contrasts of colour common. 
In the second and third, green and blue tints are met with, sometimes very vivid, but 
the gayest combinations of colour are seen in the littoral zone, as wcdl os the most 
brilliant whites.” 

Respecting the colour of the animals of Testacea, the genus TrochvsU selectcfl as 
“ an example of a group of forms mostly presenting the most brilliant hues both of shell 
and animal; but hilst the animals of such species as inhabit the littoral zone are 
gaily chequered with many vivid hues, those of the greater depth, though their shells 
are almost as brightly coloured as the covering of their allies nearer the surface, have 
their animals for the most part of an uniform yellow or reddish hue or else entirely 
while.” Reports Brit. Assoc., vol. xii , p. 173. 
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upon the same bottom, thus, in fact, altering its condition, so that 
they may die out from this increase * He considers that until the 
old conditions be restored by a new accumulation of detrital matter 
different from that presented by the animal exuviae, the same 
animals would not find the kind of* bottom suited to them ; and the 
geological bearing of this view is shown to be illustrated by the 
bands or layers of fossils so frequently found interstratified with 
common sedimentary matter.f In conclusion, Professor E. Forbes 
adverts to the evidences of the existing fauna of the jEgean which 
would be presented if its bottom were elevated into dry land, or the 
sea filled up by sedimentary deposits. While the remains of some 
animals would afford the needful evidence of their existence, and 
occur under circumstances whence the probable depths at which 
they lived might be inferred : of other anmals, very abundant in 
the present seas, no trace w^ould be found.J 

While Professor E. Forbes was thus investigating the conditions 
under which marin^^ife existed in the Eastern Mediterranean, 
it fortunately so happened that Professor Loven was engaged in re- 
searches leading to general and similar conclusions respecting the 
modifications in marine life on the coast of Norway. Though both 
localities are so far similar that the shores are for the most part 
rocky, and deep water to be often obtained near the coast, they 
differ as to climate, and as to the sea being tideless in the Eastern 

* He illustrates this point by beds of scallops {Pecten cpercularis), or of oysters, 
which, when considerably increased, give rise to a change of ground, by the accumu- 
lation of their shells, so that the race dies out, and tlie shelly bottom becomes covered 
over by sedimentary matter. — Edinburgh New Phil. Journal^ vol. xxzvi., p. 324. 

t In his iiaper on the li^it tlirown on Geology by Submarine Researches, being the 
substance of a communication made to the Royal Institution of Great Britain, on the 
23rd February, 1844 (Edinburgh New Phil. Journal, vol. xxxvi., p. 318, 1844), Pro- 
fessor E. Forbes, while remarking on all varieties of sea bottom not being equally 
capable of sustaining animal and vegetable life, observes, ^ In all the xones of depth, 
there are occasionally more or less desert tracks, usually of sand or mud. The few 
animals which frequent such tracks are mostly soft and unpreservable. In some 
muddy and sandy districts, however, worms are very numerous ; and to such places 
many fishes resort for food. The scarcity of remains of testacea in sandstones, tlie 
tracks of worms on ripple-marked sandstones, which have evidently been deposited in a 
shallow sea, and the fish remains often found in such rocks, are explained in a great 
measure by these facts.’* 

X The following are tlie inferences on this head, inferences extremely valuable re- 
specting the animal life existing at different geological periods 

^‘1. Of the higher animals, the marine Vertebrata, the remains would be scanty and 
widely scattered.” 

2. Of the highest tribe of Mollusca, the Cepholopoda, which though poor in species 
is rich in individuals, there would be but few traces, saving of the Sepia, the shell 
of which would be found in the sandy strata forming parts of the coast lines of the 
elevated sea-bed.” 

3. Of the Nudibranchous Mollusca there would not, in all probability, be a trace 
to assure us of their having been ; and thus, though we have every reason to suppose 
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Meditenaaem and ooeanio off Norway. While advertang to the 
modifications of lifett different depths. Professor Ldven attributes 
much of tile character of the submarine life off the coasts of Norway 

from analog}’ that those beauUfhl and hlghly-characteristic animals lived in the tertiary 
periods of the earth’s in8tory> if not in older ages, as well as now, there is not the 
slightest remain to tell of their former existence.*’ 

"4. Of the Pteropoda and Nucleobranchiata, the shell-less tribes would be equally 
lost with the Nudibranchiata, whilst of the shelled species w’e should find their remains 
in immense (piantity, characteristic of the soft chalky de^xisits derived from the lowest 
of our regions t>f depth.” 

“ 5. The Brachiupoila we should find in deeply-buried beds of luilUpore and gravel, 
and from their abundance we could at once predict the depth in which those beds were 
formed.” 

“ 6. The liamellibranchiate inollusca wc should find most abundant in the soft clays 
and muds^ in such deposits generally presenting both valves in their natural positions, 
whilst such species as live on gravelly and open bottoms would be found mostly In the 
state of single valves.” 

“ 7. The testaceous Castoropoda would be found in all formations, init more abundant 
if] gra velJy than in muddy deposits. In any inferences wc might w ish to draw regard- 
ing the northern or southern character of the fauna, or the climate under which it 
cxisteii. whether from univalves or bi\alves, our conclusfljp would vary acconiing to 
the depth in which the particular stratum cxaminiHl was found, and on the class of 
moliusca which prevailed in the locality explored.” 

” 8. The Chitons would be found only in the state of single valves, and probably 
but rarely, for such species as are abundant, living among disjointed masses of rock and 
rolled pebbles, which would afterwards go to form conglomerate, would in all proba- 
bility be dcstroyeil, as would also be the case with the greater number of subiittoral 
Moliusca.” 

9. The Moliusca tunicata would disappear altogether, tliough now' forming an im- 
portant link between the Mediterranean and more northern seas ” 

“ 10. Of the Aracbnodci’matous Kudiata, there would not be found a trace, unless the 
membranous skeleton of the Vclella should, under some peculiarly favourable circum- 
stances, be preserved in sand.” 

“ll. Of the F.chinodcrmnta, certain species of Kvhinus would be found entire; 
species of Cidaris, on account of the depth at which that animal lives, would not bo 
unfrequent in certain strata, as the region in which it is fo- .ml hounds the great lower- 
most region of chalky mud; the spines would be found occasionally in that deposit, 
far removed from the bodies to which they belonged Starfishes, saving such as live 
on mild or sand, would be only evidenced by the occasional preservation of tlieir os- 
sicula Of the extent of their distribution and number of species no correct idea could 
be formed. Of the numerous IhhthvrMv and SijnmcvlidtCy it is to be feared there 
would be no traces. The single Crinoidal animal would be easily preserved entire, but 
its ossicula and cup-like base would be found in the more shelly deposits.” 

“ 12, Of the Zoophyta, the corneous species might leave impressions resembling 
those of Graptolites in the shales formed from the dark muds on which they live. 
The Corals would be few', but perhaps plentiful in tlio shelly beds, mostly, however 
fragmentary. The Cladocora caspitosa, where present, would infallibly mark the 
bounds of the sea, and, from the size of its masses, might be preserved in con- 
glomerates where the testacca would have perished. The Actinite would have dis- 
appeared altogether.” 

““IS, Of the sponges, traces might be found of the more silicious species when buried 
under favourable circumstances.” 

“ 14. The Articulata, except the shelled annclides, would be for the most part in a 
fragmentary state.” 

“ l*^. Foraminifera would be found in ail deposits, their minuteness being their pro- 
tection ; but they would occur most abundantly in the highest end lowest beds, distinct 
species being characteristic of each.” 
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to vamtiom in the searbottom, howe^ i^«4ciiH| r eUow&Miea 
for the depth,* thtu agreetng with the genJV views oif 
Forbes. 

While marine life is thus found adjusted to different zooee of 
depth on the ocean shores of Norway and the east part of die 
Mediterranean, always carefully considering the local and phyacal 
conditions, it becomes the more interesting to have direct evidence 
of the adjustments which may be efiected on the great and gentle 
slopes boimding some coasts, such as those so important on the 
eastern coasts of America. Respecting these great detrital fringes off 
coasts, among which may be classed, though very Small, com- 
paratively, the shallow seas around the British Islands, the area of 


** Iti. Tracts would be found almost entirely deficient in fossils, some, such as the 
mud of the Gulf of Smyrna, containing but few and scattered ; whilst similar muds in 
other localities would abound in organic contents. On sandy deposits, formed at any 
considerable dcptli, they wmUd be very 6can;c and often altogether absent. Fossili- 
ferous strata w'ould get^^Hkaltemate with such as contain few or no organic re- 
mains. Whilst at prcsI^HV littoral zone presents the greatest number and variety 
of animal and vegetable irmabitants, including those most characteristic of the Medi- 
terranean Sea, when upheaved and consolidated, their remains would probably be im- 
perfect as compared with those of the natives of deeper regions, in consequence of 
the vicissitudes to w'hich they are exiwseil, ami the rocky and conglomeratic strata in 
which the greater number would bo embedded. A great part of the conglomerates 
and sandstones found would present no traces of animal life, which would be most 
abundant in the shales and calcareous consolidated muds.” — Prof. E. Forbes’ Reports, 
Brit. Association, vol. xii., p. 176. 

♦ Professor l.bvcn observes, “ -\8 to the regions, the littoral and laminarian are 
very w'cll defined everywhere, and their characteristic species do not spread very 
far out of them. The same is the case with the florideous Alg«, which is most 
developed nearer to the open sea But it is not so with the regions from 15 to 100 
fathoms (90 to 600 feet). Here there is at the same time the greatest number of 
species, and the greatest variety of their local assemblages ; and it appears to me, 
that their tlistribution is^ regulated, not only by deptlis, currents. &c., but by the 
nature of the bottom itself, the mixture of clay, mud, pebbles, &c. Thus, for instance, 
the many species of Amphidesma, Nucula, Natica, EuUma, Dentalium. &c., which 
are characteristic of a certain muddy ground at 15 to 20 fathoms, are /ound tc^ether 
at SO to 100 fathoms. Hence it appears, that the species in tliis region have generally 
a wider vertical range than the littoral, laminarian, and perhaps as great as the deep- 
sea coral. The last-named region is with us characterised, in the south, by Ocuiina 
ramea and Terebratula, and in the north, by Astrophyton, Cidaris, Spatanffws pur- 
pureus of an immense size, all living, besides Gorgoniae and the gigantic Alcwmium 
arUyreum, which continues as far down as any fisherman’s line can be sunk. As to 
the point where animal life ceases, it must be somewhere ; but with us it is unknown 
As the vegetation ceases, at a line far above the deepest regions of animal life, of 
course the zoophagous molJusca are altogether predominant in these parts, while the 
phytophagous are more peculiar to the upper regions. The observation of Professor 
E. Forbes, that British species are found in the Mediterranean, but only at greater 
depths, corresponds exactly with what has occurred to me. In Bohuslan (between 
Gottenburg and Norway), we found, at 80 fathoms, species which, in Finmark fon 
the north), may be readily collected at 20, and on the last-named coast, some sneoies 
even ascend into the littoral region, which, vrith us here on the south, keep within 10 
to 11 fathoms.’ —Ow the Bathymetrical dutrilmtian of eubmarme life on the noriherm 
shores of Scandinavia.^BntiBh AssociaUon Reports, Notices, and Abstracts, vol xiil 
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which indde dqpt3|^not excoediiig 600 feet» will be seen hy 
Inference to fig. 65* * * § 91), we should aiiticipete d]stori)iiig con- 
ditions much affecting the distiibutaon of some portion of the marine 
life upon them. With regard to a knowledge of the distribution of 
marine life in the British seas, we are indebted to the researches of 
Professor E. Forbes, commenced anterior to those undertaken in the 
iEgean Sea.* It was while prosecuting these researches that he 
ascertained the value in those investigations of the power of mollusca 
to migrate-t He has pointed out that they do so in their larva 
state, ceasing “ to exist at a certain period of metamorphosis, if they 
do not meet with favourable conditions for their development, i. 
if they do not reach tlio particular zone of depth in whicli they are 
adapted to live as perfect animals/’J 

Professor E. Forbe^s divides the liritisli seas into four zones of 
deptli; 1, the Lltlorul ; 2, the Lamina ria n ; 3, the ( omlline; and/ 
4, the CoraI.§ The littoral zxme lies bctw|g||Kgh and hnv water 
mark, varying in extent according to the rwjjpd fall of tide, and 
the shallowness or deptli of the shore, ^‘Throughout Euro|H\ 
wherever it consists of rock, it is characterized zoologically, by spi'- 
cies of Littorina ; boUinically, by Corallina ; where Handy, by the 
presence of certain species ol‘ Cardinm, Tellina, and Solen; where 
gravelly, by Mytilm ; where muddy, by Lutraria and Pullantray 
The littoral is divisible into minor zones. |1 The Laminarian zone 
is the belt commencing at low-water mark, and extending to the 
depth of 7 to 15 fathoms (42 to 90 feet). Algae arc common, and 
numerous animals inhabit the forests composed of them. “Among 

* The firat notice of them was published in tho Edinburgh Academic Annual for 
1810. 

t In 1840, he gave a summary of seven years' observations at a particular season of 
the year.— AmtiBih of Natural History, vol. iv. 

I Edinburgh New Phil. Journal, vol. xxxvi., p. 325, 1844. Speaking of the manner 
in which the larvae and eggs may be transported, it is observed that “ if they (the 
larvae) reach the region and ground of which the perfect animal is a member, then 
they develop and flourish; but if the period of their development arrives before 
they have reached their destination, they perish, and their fragile shells sink into 
the depths of the sea. Millions and millions must thus perish, and every handful of 
the fine mud brought up from the eighth zone depth in the Mediterranean, is literally 
filled with hundreds of these curious exuviae of the larvae of mollusca.’* 

§ These zones, originally pointed out in 1840, are considered to have been esta- 
blished by subsequent researches (Memoirs of the Geological Survey of Great Britain, 
vol.T., p. 371, 1846). Professor Forbes remarks that the two first regions had been 
previously noticed by Lamouroux, in his account of the vertical distribution of sea 
weeds ; by Audouin and Milne Edwards in their observations on the natural history 
of the coast of France ; and by Sara, in the preface to his Bogtivelser og Jagtivelser. 

([ A table of the characteristic animals and plants, of four sub-zones, is given in 
Professor Forbes* Memoir on the Geological Relations of the existing Fauna and 
Flora of the British Isles.- Memoirs of the. Geological Survey of Gieat Britain, vol. i., 
p. 373. 
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the nudliMoa, tfie g^m Lama end Mimafiim iPatOk 
and Imii, PuUattra perfaroM and vu^iaritf$aa3L ymm MoiUXm . 
are especially dbasracteristic of this zone, and numerous zoophytes 
and Radiata, especially EdUtm aphara^ Tyinda/tia^ Aetinea 
sentluf, though ranging both higher lower, are more prolific 
here than in any of the other r^ons.^’ Lastly comes the KuUipora, 
bounding the marine v^tation in depth, and rarely ranging down 
to more than 120 feet in our seas ^ 

The region of corallines is so termed from the greatest abundance 
of corneous zoophytes, which appear to take the place of plants, 
being found in it. The carnivorous mollusca are abundant, species 
of Fusm Pkurotoma, and Buecinum are common, and many 
species of Trochus are found ; Naticce, Fismrellce, EmarginvlcB, 
VelutincBy Capidim^ Eulimce^ and Chemnitzice are abundant ; and 
among bivalves, Artemis^ Venus, Astarie, Pecten, Lima, Area, and 
Nucula. ‘‘Numerous and peculiar Eadiata, including the largest 
and most remarkalro species, abound, and for number, variety, and 
interest of the forms of animal life in the British seas, tliis region 
transcends all others/'f This zone extends from about 90 to 
about 300 feet, its greatest development being between 150 and 
210 feet. 

The fourth region is that of deep-sea corals, and is local. The 
greater part of the area of the British seas does not attain the 
depth at which tliis zone cominenees. Professor E. Forbes con- 
siders this region as hitherto but very partially explored. “ As 
far as we know,” lie observes, “ it is well characterized by the 
abundance of the stronger corals, the presence in quantity of 
species of the Z>en^a/mm-like genus of Annelides, called Ditrupa, 
by a few peculiar Mollusca, and by peculiar Echinodermata, as 
Astrophyton and Cidaris, and Amorphozoa, as TeUiya cranium. 
All our British Brachiopoda inhabit this zone, and probably range 
throughout 

Professor E. Forbes points out, that the NuUipora likeiK'ise bounds marine 
vegetable life in the Mediterranean, where it descends to 420 and 4SO feet. With 
respect to the depths to which marine vegetable life extends, he remarks, that it does 
so further than is commonly supposed, stating that in the F.aBterii Mediterranean, 
Codium flahellfforme is found at 30 fathoms, Microdictyon. at 90 fathoms, Rii^phUtm 
tinctorea at 50 fathoms, Chrysjfmenia ^varia at 50 fathoms, Dktjfm/mim voiMtit at 50 
fathoms, Constantinea reniformn at 50 fathoms, and NuUipora polpmorpha at 95 fiithoms 
(570 feet). ’ 

t Forbes, Mem. Geol. Survey of Great Britain, voi. i., p. 374. 

X Professor £. Forbes remarks respecting the Brachiopoda, that when found, in 
certain localities, in more shallow water among the corallines, there are reasons for 
believing that their occurrence there may be explained by geological changes sITeet- 
ing the conditions of the sea bottom. rwe 
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The advance thus made will be suflicient to stimulate other 
observers, so that at no very distant period a valuable mass of* 
evidence may be anticipated.* Probably the general views, 
based on the local investigations above noticed, may bo found 
capable of extensive application. However this may be, it can 
scarcely but happen that an accumulation of additional data 
would most materially aid the progress of the geological inferences 
to be deduced from the mode of occurrence of organic remains in 
rocks. 

With respect to the littoral zone, that most influenced by 
climate, while in tideless seas or those where tides arc of little 
consequence, tlie marine animals inhabiting it are under con- 
ditions of slight change, as regards the vertical rise and fall ol* 
water; in tidal seas the case is different. In tidal scjis many 
littoral molluscs are exposed to atmospheric influences for different 
periods, those near high-water mark the longe^; so that while tlic 
latter may remain uncovered by water six * eight hours at a 
time, those nearer low-water mark may be so for only an hour or 
two, some merely for a short time at ^^pring tides. Neap tides 
also leave a lx;lt surrounding land, (lie higher part of which is only 
ct)vered by water for a few clays at a time, and then only at f^pring 
tides, it thus happens that while in the troj)ics the littoral zone 
may not be under very material changes of* temperature during 
the year, this condition, looking at the, subject as a whole, gnidu- 
ally shades oft' on either side towards the fH)lar regions, wlicrc the 
water becomes solid along shore f)r part of' the year, and the coasts 
are often only partially clear in the summer, portions bi‘ipg still 


We would refer for a valualdc view of the characteristic plants aiu] animals in> 
habiting the four zones into which the area of the British seas has been divided, to 
the table given by Professor K. Forbes, in his Memoir on the («eulogic4il Kelatioiis of 
the existing Fauna and Flora of the British Isles, Memoirs of the (ieological Survey 
of Great Britain, vol. i , p. 375. 

♦ Wlien we recollect that under favourable cirrumstances the ufAcers of our Navy 
and of our Merchant Service, may render great assistance to this inquiry, when 
properly conducted, it is to be hop^ that we may eventually obtain, through their 
exertions alone, more extended facts connected with the subject. Under their care 
the dredge might often be applied with advantage ; and if specimens of the animals 
obtained were stowed awoy safely, properly ticketed, for the examination of com- 
petent naturalists, far more would be known In the next half>ccntury touching the 
distribution of marine life, particularly at depths where surface w'aves could not so 
act as to drive its remains on shore, than could be accomplished by naturalists alone, 
however zealous. 

During the surveying voyage of ll.M.S. Rattlesnake, commanded by the late 
Captain Owen Stanley, R.N., on the coast of Australia and New Guinea, numerous 
valuable observations were made upon the distribution of marine animals in depth, 
and an account of the zones of life, In the regions explored, is contained in the 
“ Nari-ativo*' of the voyage by Mr. Macgillivray. 
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subject to the occasional pressure of* Hoes and masses of ice. In 
certain intermediate regions all animals and plants inhabiting the 
distance between high and low water mark, with its modifications 
according to the state of the tide, must be adjusted to sustain the 
extremes of a long range of temperature, in order to support the 
atmospheric changes to which they are exposed. The differences 
of temperature observable round the Brilasb Islands, notwith- 
standing the advantage of their positbn, are mtSmimtfy consUer- 
able to produce a movement among n^y marine aidiniils, as is 
well known, so that certain of them are only seen close in shore, 
among the pools left by the tide, in the warmer season. Others 
again appear organized to sustain a considerable change of tempe- 
rature. We have seen the common limpet {Patella vulgarUi) 
apparently doing well on our coasts, at temperatures of 92^ (close 
to the rock), and of 24®, a range of 68®. As far, therefore, as 
temperature is concerned, such a mollusc could live in the ocean 
waters, and at any deptlis, in all parts, except in the higher 
portions of the sea during the winter months in the icy regions. 
Its organization is no doubt adjusted to a littoral life, and to 
changes of temperature, as part of the littoral conditions in such 
climates as that of the British Islands, but the amount of change 
which it can in this maimer support, may make us careful at 
giving t<x) much importance to temperature alone in the distri- 
bution of marine animal life. Once beneath a moderate depth of 
sea, the mass of water is less acted upon by atmospheric influences, 
and the adjustment to the specific gravities of water at different 
temperatures is such as to produce much uniformity in the tem- 
perature of the (feeper zones, and minor modifications in those 
above them ; in the warmer regions tending to keep the sea tem- 
pcmtiire beneath that of the atmosphere, and in the colder to raise 
tliat of the water above it As, therefore, tlie sea level is ap- 
proached, so as a whole must the animals inhabiting the higher 
zones be adjusted to support changes in the temperature of the sea 
ill those regions where the summer differs materially from the 
winter as regards heat. 

Quitting coast conditions, and regarding the ocean beyond the 
depths of 200 or 300 fathoms, we have a large area, on the bottom 
of wliich we have no leason to suppose any v^tation exists, 
seeing that observations on coasts would lead us to conclude that 
the needful conditions for its growth terminate at comparatively 
very minor depths. All phytophagous marine creatures would not 
be expected beyond their ability to obtain tlie food fitted for them, 
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while the camivoi*oiis animals have necessarily the power to ex- 
tend vertically and horizontally, far beyond the growth of marine 
vegetation, however this vegetation may support the mass ol‘ life 
upon which the carnivorous animals have, as a bc^nning, to feed. 
In the region of the Sargasso weed, we have an example of a float- 
ing vegetation, tending to support animal life, and forming the 
ab^e of multitudes of marine creatures in the open sea. This, 
however, is an exception to the general fact of the absence of 
marine vegetation in the open ocean, except so fur as stray 
portions of sea-weed, bonie by currents from coiists, may be 
concerned. 

In the oceanic depths there exist, apparently, conditions under 
which some portions of the remains of the fish, crustaceans and 
molluscs, to be found on the surface above, may Ixj j»re8erved. 
Although much may be consumed and continued in the nniss of 
life so inhabiting the surface, from time to time some part of the 
harder portions of animals may descend to the bottom, assuming 
that the specific gi*avity of such remains be such as to permit 
their fall through the water."*^ Shells of the lanihina communis^ 
having a specific gravity of 2 * 66, and of the Nautilus umhilicatus 
with that of 2 • 64, would, after the fleshy matter of these molluscs 
w'as decomposed or consumed, and no air entangled in ilic interior 
of' the shells, be capable of descending to any depths which we 
may consider at all probable in the ocean, supposing its saline con- 
tents not to materially differ in depth, and the compressibility of 
sea water such as experiments upon fresh water would lead us to 
infer. We may thus have the remains of marine animals scattered 
over the bottom of the ocean floor, in certain localities especially, 
as also those of stray animals drifted from coasts, attached to sea- 
weeds or pieces of wood, both of which decomposing, the harder 
portions of these animals may fall to the bottom at great depths. 
It can scarcely be supposed that all the logs of wood bored by the 
Teredo, or covered over by the common barnacle, Anatifa striata^ 
are drifted on shore, and that they do not often become so decom- 
posed as to permit the descent of the liardcr parts of these animals 
to the bottom. Indeed we might anticipate a somewhat singular 

With respect to the compressibility of the ocean waters ; according to Poisson 
(Nouvelle Theorie de 1* Action Capillaire, p. 277) it would require a pressure equal to 
1100 atmospheres to reduce water six-hundredths of its volume. In the experiments 
of MM. Colladon and Sturm, water not deprived of air, was compressed equal to 
47*86 millionths for each atmosphere, and deprived of air, equal to 49*65 millionths. 
The experiments of M. Oersted gave a compression of 46*65 millionths for each 
atmosphere. Water containing salts in* solution was found, as might be expected, 
somewhat less compressible. 
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mixture of the harder parts of gome marine animals in different 
parts of the ocean, especially in the vicinity of islands rising out of 
considerable depths, such, for example, as near Hawaii, Mani, and 
other islands of the Sandwich group. 

Pieturning to the coast, we find with the animal life the vege- 
tation on which it feeds, from that exposed to the atmosphere 
at low water, on tidal shores, to that only known by dredging and 
fishing. Those accustomed to examine the rocky shores of tidal seas 
well know how much sea-weed may be cast on shore in the little 
bays and. creeks, or be drifted to the larger bays, during and after 
lieavy gales of wind, producing breakers on such coasts, and which 
tear up the marine plants, especially towards low-water mark, 
wlierc during calmer times they may have been abundantly pro- 
duced. A sandy bay beyond a long line of steep rocky coast, the 
latter exposed to some heavy gale during the rise and fall of 
several successive tides, so that sea-weeds, detached by the breakers 
from it, are driven by wind and tide into the bay, will be often 
seen by the observer to ha\'e its beach covered in various places 
with matted masses of these plants. Frequently, as might be 
expected from tlie forces employed, tlicsc lines of sea-weed are cast 
up high on the beach, beyond the reach of calmer seas to float them 
off. They will there be disjx)sed ol* according to the climate. In 
warm countries, or in the summer months of the temperate regions, 
they soon decompose, and their remains, not borne off in a gaseous 
form, become intermingled with the beach. An observer, by 
studying the st^ctions of sandy beaches expos(*d by rills or small 
streams ^of water, uiay occ>asionally find irregular layers of black 
carbonaceous matter, the result of the decoin[X)sitiou of masses of 
sca-weeds cast on sliore, intermingled witli the ordinary sand, and 
in some IcHialities, parts of a shingle l)each will be seen with an 
abundance of intermixed sea-weed in a decomposed or decomposing 
state. He may also find the light matter of decomposed sea-w'eeds 
borne to deeper waters in sheltered situations, its entombment in 
such places depending upon the disturbance to which it may be 
subsequently exposed, and the amount of ordinary sedimentary 
substances whicli may collect permanently over it. In some localities 
much mud, black with carbonaceous matter thus derived, may be 
accumulated. 

Molluscs, living among the sea- weeds thus detached and cast on 
shore, are occasionally observed to be entangled amid the plants, 
their harder parts remaining intermingled ivith the sands or shingles 
after the decomposition of the plants, so that the sliells of itx;k- 
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frequenting molluscs become embedded with those of others living 
in and upon sands. The little Patella pellueida is very commonly 
thrown on shore on our coasts, adhering to the cavity it has made 
for itself at the root of some large fucus, and which, indeed, has 
weakened the power of the plant to keep its place, when acted on 
by the sea in heavy gales. It is also very common to find drifted 
marine creatures of otlier kinds entangled in tliesc masses of 
detached sea-weeds; on some coasts the remains of crustaceans, 
being abundant. 

With regard to steep coasts, vertical or nearly vertical cliffs 
plunging suddenly into deep water, it may happen that molluscs, 
feeding upon marine plants growing at various depths, and them- 
selves inhabiting different depths, according to their kinds, get 
knocked off by the sea. While those uninjured may again recover 
their positions, a few perish, and their shells be preserved in sand, 
silt, or mud, with the remains of other molluscs living on such 
bottoms ; so that the remains of littoral, shallow, and deep-water 
molluscs become preserved together in the same deposit. Molluscs 
as they die must have their shells washed away by the sea on such 
coasts, and thrown into deep waters. Some account has also to be 
taken of birds picking the animals out of shells which they may 
liave obtained upon the rocks at low tide, or have brought from 
adjacent bays where they may have been cast alive or recently 
killed on shore. We have seen the common oyster-catchers busy 
knocking off and eating limpets upon projecting portions of steep 
coasts, leaving the shells, all of which, when there is breaker 
action, must have been washed into deep wa^cr as the t;de rose. 
Such circumstances have to be considered upon the steep coasts 
of the world, of which there is no want, many fathoms of deptli 
being found, with occasionally a few projections in different places, 
close along shore, various marine vegetables and animals occupying 
zones of the depths best suited to them. The sea adjoining some 
of the ocean Islands, where great depths are obtained all round, 
may, perhaps, afford some of tlie best conditions for collecting 
together the remains of marine life which had inhabited different 
zones of depth. 

While the remains of marine animals which have existed in 
different zones of depth, with the modifications due to sheltered 
and exposed situations and other variations of conditions, may be 
collected either in the immediate vicinity of, or at no great distance 
from, steep coasts, it is in tidal seas, to the fringes of detrital or 
chemically -formed matter around the chief masses of land, rising 
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above the sea, that we look for the preservation of the great 
amount of organic remains. Indeed, the modifications of the 
actual coasts as to depth, are commonly but variations of the 
manner in which these submarine fringes join the subaerial por- 
tions of the solid land. Such fringes may be regarded as forming 
extensive plains on the margins of tidal seas (here and there a pro- 
jecting mass of rock rising above them), with usually a somewhat 
gentle slope to the depth of 600 to 1000 or 1200 feet, after which 
they often appear, as a whole, to descend more abruptly. Gentle as 
the slope may be, the differences of depth appear sufficient, as above 
stated, for the modification of life upon it, so that while some 
animals live near the coast, others keep far out in the deeper 
water. While some portion may be enabled to live at varied 
depths, there exists a mass of life, the remains of which would be 
entombed far from shore in one case, and near it in the other, and 
not commingled, as in the case of steep coasts, and adjoining deep 
seas. A glance at the charts of a large portion of the eastern side ol‘ 
the American continent will show how far separated, horizontally, 
such masses of remains may be. 

Let it, for illustration, be supposed that the following map 
(fig. 69) represents an extended line of coast, so that ijH ; 2, 2 ; 


Fig. 69. 

la bed ef g 



other to render surface temperature different enough to be im- 
portant as regards marine life. Let ? Z' be a line of coast extend- 
ing from north to south, and //'the outer verge of about 100 
fathoms off the same coast, a more sudden increase of depth taking 
place at this depth into the area g g* ; equal depths, or zones being 
represented by the lines a a\ b b\ c c\ d d\ and e e\ 

For still further illustration, we have supposed a large river (r) 
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to deliver itself upon the coast. Upon sucli a subaqueous area, 
we have the conditions for the entombment of the remains ol 
the life distributed over it in certain bands, coinciding with 
depths ranging in lines with the coast, and with the power 
of* tidal and wave action upon the detritus thrust forward by, or 
carried in mechanical suspension out of, the river, in addition to 
any sedimentary matter directly obtained from the coast. The 
effect of the river waters in rendering the shore water brackish 
would vary in depth, according to circumstances, the tendency 
of such 'svaters, from their relative specific gravity, being to float 
above the sea water, and not to be much mingled with the latter to 
any great amount of deptli, though, upon the ebb tide, brackish 
water miglit be carried along shore if* the tide took that course. 
Different states of the weatlier would modify the conditions for 
the mixture of fresh and sea waters. Thus during heavy on-shore 
gales of wind, and freshets in the rivers, as arc often combined on 
the Mrestem portions of the British Islands, the conditions flu- 
mingling sea and river waters would be more favourable than 
during calm weatlier. 

Let us suppose the following section (fig. 70) to represent 
(thougHj^on a very exaggerated scale) that of the map (fig. 69), 


Fig. 70. 
c 



a h being the sea-level, c, coast, cf, e^f, g, different depths of sea, 
and the more sudden descent into deep water. In tideless seas 
these various depths would remain undisturbed, except by 
movements arising from the waves produced by the winds above, 
unless, indeed, there be currents acting in such seas. In tidal seas 
the case would be so far different, that the level of the sea itself 
would be altered during every tide ; on some coasts making a 
change of many feet. With this change of level, any motion in 
the waters produced by waves above would also descend more or 
less deep, supposing equal wave action on the surface. In addition, 
the sweep of the tidal stream will extend to the depths it may, 
according to conditions, reach, and occasionally an ocean current 
may range sufficiently near a coast to act on the bottom, the shores 
of ocean islands sometimes offering conditions for the latter. We 
have how to consider that while the shells of molluscs would often 
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remain in the mud, silt, or sand which the animals may frequent, 
penetrating into them to various depths, according to their habits, 
so that such remains are preserved after their death in the position 
usually occupied by the molluscs, numerous other shells remain on 
the surface to be acted upon in the manner of any inorganic 
substance. 

That shells are so scattered about, multitudes brought up by 
the arming of the sounding-lead abundantly attest. Moreover, 
collections of certain species are found to mark particular portions 
of soundings off given coasts. Thus off the shores of the British 
Islands, charts give localities as marked by IlakeB teethe as they 
are termed ; commonly nothing else than a multitude of the shells 
of Dentalium scattered over particular areas. Other collections of 
shells are equally well known. While these shells, scattered over 
the sea bottom, are often either the entire hard parts of univalves, 
or single and uninjured valves of the bivalves, at other times they 
are crushed or broken. Whether in the one state or the other, 
according to their specific gravities, volume, and form, they will be 
acted upon by streams of tide, by ocean currents sweeping within 
sufficient depths, or by surface wind-wave action transmitted to the 
bottom. With respect to specific gravities, though there is appa- 
rently much variation in this respect, the floating molluscs being, 
some of them at least, provided with shells of comparatively minor 
specific gravity, the range seems something between 2-67 and 
2 ’85*. With equal forms and volumes, fragments or rounded 
grains of a great proportion of marine shells would apparently be 
specifical^ heavier than grains of quartz and rock crystal (2 * 63 
— 2 • 65), of common felspar (2 53 — 2 * 60), of albite (2*61 — 2 • 68), 


* The author obtained the following specific gravities of a few marine shells some 


years since. — Xiesearches in Theoretical Geology, I83t, p. 76. 

Argonauta tuberculosus . . . 2*43 j Chiton 2*79 

Nautilus umbilicatus . . . , 2*64 Pholas crispata 2*82 

lanthina communis 2*66 Cytherea maculate 2*83 

Lithodomus dactylus . . . .2*67 Bulla 2*83 

Teredo (great, East Indies) . . 2*68 Voluta musica 2*83 

lialiotis tuberculatus . . . .2*70 Cassis testiculus 2*83 

Cyprina vulgaris 2*77 Strom bus gibberulus . . . .2*83 

Mytilus bilocularis . . - . . . 2*77 | Pyrula melongena 2*84 

Strombus gigas 2*77 > Tellina radiata 2*85 


It is not improbable, that If experiments on this bead were much multiplied, in- 
dividual differences would often be found in the same species. While the shell of the 
Argonauta tuberculosus is lighter than pure Sussex chalk (2*49), and that of HaliotU 
tuberculatus is equal in specific gravity to Carrara marble (2*70), the greater numbers 
exhibit a packing of particles more approaching Arragonitc. 
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and of chlorite (2 '71), while they would be lighter than mica 
(2-94). 

The forms of shells or their fragments, except they have been 
ground down to rounded grains by breaker action on beaches, com- 
monly agree little with those of the sedimentary matter among 
which they lie superficially mixed. When, therefore, we have to 
regard any movement of water around whole shells or their frag- 
ments, their forms become important, as also the mode in which 
they may be exposed to any moving force employed. Thus the 
same shell, if a conical univalve, would ofler a diflferent resistance, 
according as it might be placed with its apex or its base to the 
moving water, when acted upon, though we might expect that the 
moving water would soon turn such body, so that its apex would 
be presented to the line of action. With the valve of a bivalve, 
its hold on a bottom of sand or silt would be very difierent, 
whether it were turned with the margin of the valve downwards, 
or merely rested upon some part of its bombed surface. How far 
the valve of a shell could be transported along the bottom without 
being upset, will depend on very obvious conditions. In all cases 
we have to consider that shells, or their fragments, having a 
specific gravity rarely, perhaps, exceeding 2 ’85, and often pre- 
senting forms readily moved, are not difficult of transport in a 
medium of the specific gravity of 1’ 027 — 1*028. 

Eeferring to the plan and section above given (figs. 69 and 70), 
the observer will have to distinguish between the remains of those 
molluscs which may die amid the mud, silt, or sand, and so have 
their harder parts preserved in the situations where they live, and 
the remmns on the surface of the sea bottom. How far these may 
retain their positions relatively to the zones of depth suited to 
their animab, will depend upon the circumstances above noticed. 
Looking at the subject generally, they would be liable to be moved at 
the depth at which surface-wave action could reach, and therefore 
to be moved shorewards in shallow waters ; so that the remains 
of molluscs accumulated near the coast in the zones h al,b' a' V 
(fig. 69), varying in the depths hd^de (fig. 70), would, at the proper 
depths, have surfece-wave action added to tidal streams able to trans- 
port the shells or their fragments, tending to move them on-shore. 
In the outer zone ef (fig 69), and at the depths (fig. 70), the 
effects of the tidal movement may not only be little felt, but also 
any action upon the bottom from surface-waters be inappreciable. 
Still further out, in the deep waters g (fig. 69), or h (fig. 70), 
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there may be no movement sufficient to produce transport of loose 
matters on the bottom. There might, therefore, be movements in the 
water producing considerable mixtures of the renuuns of molluscs 
in shallow situations, extending even to the casting of shells or 
their fragments upon the shore, from depths depending upon 
various local modifications of the causes of transport above noticed. 

On many exposed ocean-coasts we have even the accumulation 
of sandy dunes, composed, for the most part, of fragments of 
mollusc shells ground down to sand, these cast on shore and dealt 
with by winds in the manner of common sand. The western 
coasts of Ireland, Scotland, and of part of England, afford many 
examples of this fact.* 

The induration of sands formed of comminuted shells has been 
previously mentioned (p. 62 ), and, as may be expected, such 
indurated sands occasionally include remarkable mixtures of 
organic remains. The rock in which the human bones were dis- 
covered at Guadaloupe would appear to be of this character. Not 
only corals and shells from the neighbouring sea, but terrestrial 
shells also, including the Bulimm guadaloupensis (Ferussac), are 
preserved in it. Teeth of the caiman, with stone hatchets and 
other remains of human art, are mentioned as having been found 
in this consolidated sand. 

The study of the manner in which the shells of molluscs, and 
the harder parts of marine animals generally, are thrown on shore, 
of the depths from which they may be borne by the action of 
on-shore waves and breakers, and of the various arrangements 
of whole^ broken, ^r comminuted shells in layers, from their 
accumulation like ordinary detrital matter at various depths in the 
sea to their rejection upon the land, is one which will amply 
reward the observer anxious to compare the manner in which these 
remains are now distributed and arranged with that of the organic 
remains found in fbssiliferous rocks. He may at times see the 


* This shell sand is often employed as manure ; it is known to have been so 
employed in Cornwall in the reign of Henry III. A charter of Richard, King of the 
Romans, granting the liberty of taking this sand for manure, was confirmed by 
Henry HI. (Lysons, “ Mag. Brit.,** Cornwall, p. ccciii, who cites Rot. Chart., 45 
Hen. III.) Carew notices the use of it in his Survey of Cornwall (1602), and it is 
largely employed for agricultural purposes to the present day. Mr. Worgan, in 1811, 
estimated the cost of the land carriage of this sand in Cornwall at more than 90,000/. 
per annum. Large quantities are obtained at the Dunbar Sands, in Padstow Harbour, 
the annual amount estimated at 100,000 tons. It has been calculated that 5,600,000 
cubic feet of sand, chiefly composed of comminuted sea-shells, are annually taken firom 
the coasts of Cornwall and Devon, and spread over the land in the interior as a mineral 
manure,— Report on the Geology of Cornwall, Devon, and West Somerset (1839), 
p. 479. 

M 2 
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puddly action of the small vrash of the sea driving the laiger shells 
and their fragments before it into convenient localities, there 
accumulating in a mass those which may have been distributed by 
breaker action along a line of coast, while at others he will find 
the shells jammed in amid the joints and crevices of rocks so 
firmly that they become difficult to remove. 



CHAPTER X. 

CORAL REEFS AND ISLANDS.— DISTRIBUTION OF CORAL ANIMALS.-*CH£HICAL 
COMPOSITION OF CORALS. — KEELING ATOLL. — FORM OP CORAL ISLANDS. — 
BARRIER REEFS.— LAGOON ISLANDS. — ISLE OF BOURBON. 

Great as the accumulations of the harder remains of molluscs may 
be in the sea or on its shores (and regarding the amount of matter, 
chiefly calcareous, abstracted from the sea or contained in their food 
the volume of these harder remains added annually to common 
detrital and chemical deposits must be very considerable), the 
coral accumulations of tropical regions present us with the most 
striking additions, by means of animal life, to the mineral deposits 
now in progress. The} have for many years attracted the atten- 
tion of navigators and naturalists, so that much information has 
been obtained respecting them.* 

With regard to the distribution of corals, Mr. Dana states, that 
tlie Astrmceay Madreporacea, and Gemmiporid^B among the 
Caryophyllaceay are, with few exceptions, confined to the coral- 
reef seas^ a region included between the parellels of 28^ north and 
south of the equator,! these corals forming the principal portion of 
the reefs, and being confined to depths within 120 feet fix)m 
the surface. Other corals, as is well known, extend to far 
greater depths, and into colder regions. Sir James Ross, in his 
voyage to the South Polar Regions, obtained live corals from a 


* We would more especially call attention to the labours of Mr. Darwin, who has 
not only been personally engaged in the investigation of coral reef^ and islands, but 
has also carefully studied the works of navigators and naturalists relating to the 
subject. The results of his investigations are contained in his work, entitled, 
“Structure and Distribution of Coral Islands,” London, 1842, We would also refer 
to the labours of Mr. Dana, contained in his “ Structure and Classification of 
Zoophytes,” Philadelphia, 1846. Mr. Dana’s views are also founded on the personal 
examination of coral reeih and islands. 

t Locally, coral recft are found further north and south than 28». They extend in 
the Bermuda Islands to lat. 32» 15' N., the greatest distance from the equator, as 
Mr. Darwin observes, at which they are known to exist, and to lat. 30® N. in the Bed 
Sea. Houtman’s Abrolhos, on the western shores of Australia, in lat. 29* S., are of 
coral formation. 
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depth of 1620 to 1800 feet off Victoria Land. Mr. Charles Stokes 
notices a species of Primnoa (lepadifera), as found from 900 to 
1800 feet off the coast of Norway ; and Professor E. Forbes a 
species of the same genus from a depth of 1668 feet off Staten 
Land.* As respects the range of corals, Mr. Dana observes that 
Caryophyllidce extend from the equator to the frigid zone, and 
some species occur at the ,depth of 200 fathoms or more. The 
Aleymaria have an equally wide range with the Caryophyllida: 
and probably reach still higher towards the poles. The Sydroidea 
range from the equator to the polar regions, but are most abundant 
in the waters of the temperate zone.”t Regarding the distribution 
of species, Mr. Dana states, that of 306 species, 27 only are com- 
mon to the East Indies and Pacific Ocean, while only one species, 
and that with doubt {Meandrina lahyrinthica), is considered to be 
common to the East and West Indics4 

Mr. Darwin remarks on the entire absence of coral reefs in 
certain large areas in the tropical seas. No coral reefs have been 
found on the west coast of South America, south of the equator, 
or round the Galapagos Islands ; neither have any been yet noticed 
on the west coast of America, north of the equator. In the central 
parts of the Pacific there are islands free from coral reefs, and 
there do not appear to be any coral reefs on the west coast ol* 
Africa, or round the islands of the Gulf of Guinea. St. Helena, 
the Cape Verde Islands, St. PauPs, and Fernando Noronha are also 
without such reefs. § 

Regarding the occurrence of wrals as a whole, we thus 
see that they may be more or less strewed over a very large 
submarine area, one extending from the pofar to the equatorial 
regions, some of them keeping to small depths within a portion 
of the general area comprised between the pamllels of 28^ north 
and south of the equator, and even rising to the surface of‘ the 
sea in certain parts of that minor area. However great occa- 
sional accumulations of their harder parts may be, under favourable 
conditions elsewhere, concealed beneath the ocean waters, we have 

* Sir James Ross, Voyage to the Antarctic Regions.” 

t ** Structure and ClaesiScatlon of Zooidiytes.** 

% Referring to the causes of distribution and original sites, or centres of distri- 
bution, Mr. Dana observes:— ^ There is sufficient evidence that such centres of 
Retribution, as regards eoophytes, are to be recognised. The species of corals 
in the West Indies are, in many respects, peculiar, and not one can with certainty 
be identiRed with any of the East Indies, llie central parts of the Pacific Ocean 
appear to be almost as peculiar in the corals they afibrd. But few from the Feejees 
have been found to be identical with those of the Indian Ocean.” — ** Structure and 
Classification of Zoophytes.” 

§ Darwin, ** Structure and Distribution of Coral Reefs,” pp. 61, 62. 
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in the masses of dead and living corals which constitute islands and 
reefs, enough to show the geological importance of these animals, 
which thus, from their food and the surrounding waters, secrete a 
mass of matter constituting rocks, so acted upon, under fitting con- 
dition, by the breakers and by atmospheric and chemical influences, 
that dry land rises sufficiently above the sea to support terrestrial 
vegetation and animal life. 

It would appear that the calcareous secretions^ of corals only 
begin to be ibrmed after the last metamorphosis of the young 
animal, one eiTected when it quits the swimming state and attaches 
itself to some support. Until that time the young can move, 1^ their 
own powers and the transporting action of tidal streams or oceanic 
currents, to situations where, under the needful conditions, they 
can settle and flourish as perfect corals. No doubt myriads of the 
young animals perish, or are consumed as food, so that a part only 
is available for supplying the loss by death of the old stock, for 
increasing the amount of coral life in localities where it previously 
existed, or for the formation of new colonies. Under all such 
circumstances, if* there be no cause producing a removal of the 
harder parts of the corals after the death of the polyps which 
secreted them, they will accumulate. Portions of the harder parts 
would appear to be destroyed by the animals which feed upon or 
bury themselves among the corals while living, others are broken 
off by the action of the sea, and some would appear to be taken up 
in solution. In the first case, the portion not required for the 
harder parts of the animals feeding upon the corals appears to be 
tlirown (^own with their faeces amid the coral reefs ; in the second, 
the fragments tom off by the breakers are distributed, like any 

♦ Dana, Structure and Classification of Zoophytes,** p. 52. Speaking of the 
mode in which the secretions are formed, Mr. Dana observes:—** In a Madtfportt the 
surface between the cells becomes covered by minute points by the continued 
scv^rotions, and then a layer forms, connected with the preceding, by these points 
or columns. The interior usually becomes, afterwards, nearlj^olld by additional 
secretions. This variety of structure may be observed also inUhe Vwdropl^Uim s 
and even the compact species, in which there are no traces of cellules, will often ^ow 
evidence of having been deposited in layers. I have seen it brought out with singular 
distinctness, in a specimen half fossilised. In many corals, however, we fail to 
detect this deposition in layers. This is the case in the Astrtea tribe. The 
lopoM, and some allied corals, have transverse plates crossing the oeUs intemUy, 
which are intermitted secretions from the lower part of the polyp ; but no appemnee 
of layers has been detected in thcspaces between the cells. The Fhrosirct, and many 
CjfQihtfph^lUdm^ are examples of similar interrupted secretions amcoss the cells,** 
(p. 53.) 

Respecting the foot secretions, he remarks:—** The foot secretions appear lobe 
entirely Independent of the tissue secretions. The former are often homy when tbe 
latter are calcareous, and when they occur together they constitute separable l^ers, 
ono enveloping the other. The united polyps of a branch have their mouths t^pOnlnti 
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other detritus, also among the reefs ; and in the third, the part not 
appropriated by the living corals, or by other animals, for their 
harder parts, appears to be deposited amid the matter of the reefs, 
tending to bind diem together, and adding to their solidity. 

From the chemical researches of Mr. B. Silliman, who analysed 
numerous specimens of calcareous corals sent him by Mr. Dana, it 
would appear that, after the animal matter had been separated, 
cai'bonate of iime formed fh)m 97 to 99 per cent, of* the inorganic 
matter which remained ; 1 to 3 per cent, being composed of silica, 
lime (probably united with the silica), carbonate of magnesia, 
fluoride of calcium, fluoride of magnesium, phosphate of magnesia, 
alumina, and iron.* The animal matter varied from 2’11 to 9'43 
per cent. From many analyses of corals made at the lifuseum of 
Practical Geology, London, carbonate of lime was found to range 
from 82 to 95-5 per cent., carbonate of magnesia from a mere 
trace to 7*24 per cent., sulphate of lime from a trace to 2*76 per 
cent., and organic matter from 3 to 8*27 per cent. Silica, alumina, 
iron, phosphates, and fluorides were also obtained as in the 
analyses of Mr. Silliman. As a mass, therefore, we may regard 
the hard matter secreted by the coral polyps of a reel* as chiefly 
formed of carbonate of lime, mingled with animal matter, of 
occasionally a notable quantity of carbonate of magnesia, with a 
minor per centage of other substances, among which are found 
fluorine and phosphoric acid. 

The young of the reef-making coral polyps attaching themselves 
where the needful conditions obtain,! and according to the habits 
and requirements of each species, it becomes important to learn 
how far these may differ, and yet each species aid in building up 
the general mass of a reef. Mr. Darwin’s detailed description of 
Keeling, or Cocos atoll, situated in the Indian Ocean in lat. 
12^ 5' S., affords a valuable view of the manner in which the 


outwards on everj^idc, while the bases are directed inward towards a common 
central, or axial line. The simultaneous secretions of the bases, therefore, must 
necessarily produce a solid axis to the branch,” p. 54. 

* Dana, *• Structure and Classification of Zoophytes,” pp. 124—131. 
t Respecting the needful conditions for the establishment and distribution of reef- 
making corals, Mr. Couthouy (Boston Journal of Natural History, vol. iv., 1842, and 
American Journal of Science, vol. xlvii., 1844,) and Mr. Dana (American Journal of 
Science, vol. xlv , 1843), independently of the views of each other, refer to the 
temperature' of the sea rather than to its depth, as limiting the range of the reef- 
making corals, and attribute the absence of coral reefs in the inter-tropical and eastern 
portioi.s of the Atlantic and Pacific to the infiuence of the cof)l and extra-tropical 
currents which there set in. Mr. Dana limits the distribution of the roef-forming 
corals to a temperature of, and above, 60® Fahr. ; and Mr. Couthouy considers that 
^ they thrive best in water, at a temperature of between 76® and 80® Fahr. 
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various cozala forming a reef in those seas are adjusted* Having, 
under fiivourable circumstances, reached the outer edge of the reef^ 
where the coral was alive, he found that it was almost entirely com- 
posed of living ^x)ritcs, forming great irregular roimded masses 
from four to eight feet broad, and little less in thickness* On the 
furthest mounds which he reached, and over which the sea broke 
with some violence, the polyps in the upper cells were dead, but 
three or four inches lower down they were living. In consequence 
of the check given to their growth upwards, the corals extended 
laterally. Further outwards the porites were all seen to be alive* 
Next in importance is the Millepora complanatay growing in thick 
vertical plates, and forming a strong honeycomb mass, generally of 
a circular form, the marginal plates being alone alive. Between 
these plates, and in the crevices of the reef, a multitude of 
zoophytes and other productions flourish, protected by the porites 
and millepora from the breakers. Masses of living coral, apparently 
similar to those of the margin, descend very gradually outwards to 
the depth of 60 or 70 feet. The arming of the sounding lead 
brought up fragments oi Millepora alcicomis within these depths, 
and there was an impression of an astrsea, apparently alive. 
Examining the fragments thrown on shore by the breakers, the 
porites and a madrepore, apparently M, corymbosa^ were the most 
common ; and as this coral was not found alive in the hollows of 
the reef, Mr. Darwin concludes that it must occur abundantly in a 
submerged zone outside. Between the depth of 72 and 120 feet 
the arming of the lead came up an equal number of times marked 
by sand^ and coral. Beneath 120 feet sand was obtained. After 
the depth of 150 feet the outward sides of the reef plunged, at an 
angle of 45^, into the sea, the depth of which was not found at 
2200 yards from the breakers, with a line of 7200 feet in length.* 

Close within the outer margin of the reef, where the coral life 
ceases, three species of nullipora flourish, either separately or 
mingled together, forming by their successive growth a layer two 
or three feet in thickness, of a reddish colour. This layer fringes 
tlie reef for about 20 yards in width, constituting a continuous 

♦ Darwin, “ Structure and DistribuUon of Coral Keefs,** pp. 6—8. “ Out of 25 
soundings,’* observes Mr. Dar\t'in, taken at a greater depl^ than 20 fathom^ every 
one showed that the bottom was covered with sand ; whereas, at a less depth than 
12 fathoms, every sounding showed that it was exce<^ngly nigged, and free from all 
extraneous particles. Two soundings were obtained at the depth of 860 fislhome, 
and several between 200 and 300 fathoms. The sand brought up ftom these depths 
consisted of finely-triturated fragments of stony loophytee, but not, as te as 1 eeuid 
distinguish, of a particle of any lamelliforra genus : fragments of sheUs were xaxe**^ 
At a distance of 2200 yards from the breakers, Captain Fitsroy found no hollom 
with a line of 7200 feet in length ; hence the submarine slope of this eorel fomMUon 
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ranooth CQBirez sor&oe, when -the ooiab axe united into a aolid 
mai^ and fonning a piotedang breakwater.* 

The fern of thia atoll will be aeoi bj the subjoined jdan, 
(fig. 71.) t The reef is broken by two open spaces, through 
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one of which ships can enter; it varies from 250 to 500 yards in 
breadth, with a level surface, or one very slightly inclined towards 
the interior lagoon, and at high tide the sea breaks entirely over 

is stTOpcr than that of any volcanic cone. Off the mouth of the lagoon, and likewise 
off the northern point of the atoll, where the currents act violently, the inclination 
owing to the accumulation of sediment, is less. As the nnning of the sounding-lead’ 
from ail the greater depths showed a smooth sandy bottom, I at first concluded 
tliat the whole consisted of a vast conical pile of calcareous sand ; hut the sudden 
increase of depth at some points, and the circumstance of the line having been cuL as 
if rubbed, when between 500 and 600 fathoms were out, indicate the probable exist- 
ence of submarine cliffs,’* pp. 8 — 9. 

• “These nulliporse,” olwerves Mr. Darwin, “although able to exist above the 
limit of true corals, seem to require to be bathed during the greater part of each 
tide by breaking water, for they are not found in any abundance in the protected 
hollouj on the back part of the reef, where they might be immersed, either during 
the whole or an equal proportional time of each tide. It is remarkable that organic 
p^uchons of such extreme simplicity, for the nulliporsB undoubtedly belong to one 
of the lowest classes of the vegetable kingdom, should be limited to a zone so pecu- 
liarly circumstanced,” p. 9. ^ 

t An interesting selection of plans of coral reefs, cither surrounding mountainous 
islands or forming atolls or lagoon islands, among wliich that of Cocos or Keeling 
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verrucota is a common corai in the lii:dIowSy as also a madrepore^, 
closely allied or identical with M. pocQUfeta. When the bieakem 
are, by the formation of an islet, prevented from waddng entirely 
over the reef, and channels and hollows axe filled up, a hard 
smooth floor is formed, uncovered only at low water, and strewed 
with a few fragments tom oS during heavy gales. The islets 
which arc formed by an accumulation of fragments, about 200 or 
300 yards from the outer edge of the reef, vary in length fiom a 
ibw yards to several miles, with an ordinary breath of less than a 
quarter of a mile. On the windward side of the atoll the increase 
of the islets is by the addition of fragments thrown on their outer 
sides by the breakers, the highest part thus formed rising from six 
to ten feet above ordinary high-water mark, and upon this there 
may be hillocks of blown sand, some of which rise to an elevation 
of 30 feet. On the leeward side of the atoll, from the sweep of 
the wind across the lagoon, the little breakers thus formed cast up 
sand and fragments of thinly-branched coral fi-om the lagoon on 
the inner sides of the islets in that part of the atoll, thus adding to 
them inwards. These islands are lower than those to windwafd, 
though broader. The fragments beneath the surface are cemented 
into a solid mass, so as to form a ledge from two to four feet high, 
from being worked by the breakers acting beyond ordinary high 
water. Chemical changes take place occasionally among the cal- 
careous fragments thus cemented together, so that the altered 
coral passes gradually into spathose limestone.* 

The lagoon within is necessarily a sheltered situation, and is 


Island is one, will be found in Plates 1 and 9 of Mr. Darwin’s work on the Structure 
and Distribution of Coral lleefs ; and a most Taluable map in tbe same work, showing 
tlic distribution of the different kinds of coral reefs, with the position of active vol- 
canos in the Indian and Paoific Oceans. 

* “ The fragments of coral which are occasionally east on the * Sat,* are, daring 
gales of unusual violence, swept together on the beach, where the waves each day at 
high water tend to remove and gradually wear them down ; but the lower fragments 
having become firmly cemented together by the percolation of calcareous matter, 
resist the daily tides longer, and hence project as a ledge. The cemented mass is 
generally of a white colour, butln some few parts reddish from ferruginous matter : 
it is very hard, and is sonorous under the’ hammer; it is obscurely divided by seams, 
dipping at a small angle seaward ; it consists of fragments of the corals which grow 
on the outer margin, some quite and others partially rounded, some small and others 
two or three feet across ; and of masses of previously formed conglomerate, tom up, 
rounded, and rensemented ; or it consists of a calcareous sandstone, entirely composed 
of rounded particles, generally almost blended together, of shells, corals, the spines 
of echini, and other such organic bodies.” ** The structure of the coral in the conglo- 
merate has generally been much obscured by the infiltration of spathose oalcaieous 
matter; and I oolleoted a very interesting series, beginning with fragments of 
unaltered coral, and ending with others where It was impossible to discover with the 
naked eye any trace of organic structure. In some spe^mons I was unable, 
with the aid of a lens and by wetting them, to distinguish the boundaries of 
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described as much more shallow than those of atolls of considerable 
size. About half the area consists of sediment, including mud, 
and half of coral reefs, the corals composing the latter having a 
very different aspect from those on the outside, and being very 
numerous in kini* The sediment from the deepest part of the 
lagoon was like a very fine sand when dry, though it appeared 
chalky when wet Mr. Darwin points out that much fine sedi- 
ment may be supplied by means of the excrements of the scarus 
and holuthurisB, which feed on the coral; large shoals of two 
species of the former, one of which inhabits the lagoon while the 
other keeps outside, feeding entirely on the corals, while swarms 
of various species of holuthuria browse upon the lagoon corals. 
" The amount of coral yearly consumed and ground down into the 
finest mud by these several creatures, and probably by many other 
kinds, must be immense.” t The tide flows in and out of the 
lagoon through the channels, and the latter also carry out the 
water thrown over the reefs by the breakers. 

Thirty-two coral islands in the Pacific Ocean were examined by 
Captain Beechey;t they were of various shapes, and 29 had 
l^oons in their centres. The dry coral forming islets on the reefs 
is rarely elevated more than two feet above the sea when divested 
of any sandy materials heaped upon it, and but for the abrupt 
character of the outer margin would be inundated by the breakers. 
Captain Beechey found in the islands seen by him no instance in 

altered coral and spathose limestone. Many even of the blocks of coral lying loose 
on the beach had their central parts altered and infiltrated.'' Darwin, “ Structure of 
Coral Reefs,” p. 12. 

:Mr. Beete Jukes mentions masses of meandrina, six or eight feet in diameter 
turned upside down, and much worn, as tom by the force of the breakers from their 
places of growth on the weather edge of a coral reef, and driven 200 to 300 yards 
inwards. “ Narrative of the Voyage of the * Fly,' 1847,” 

♦ “ Meandrina, however, lives in the lagoon, and great rounded masses of this coral 
arc numerous, lying quite or almost loose on the bottom. The other commonest 
kinds consist of three closely-allied species of true Madrepora in thin branches; of 
Seriatopora subuhUa ; two species of Porites, with cylindrical branches, one of which 
forms circular clumps, with the exterior branches only alive ; and, lastly, a coral 
something like an Explanaria, but with stars on both surfaces, growing’ in thin* 
brittle, stony, foliaceous expansions, especially in the deeper basins of the lagoon! 
The reeft on which these corals grow are very irregular in form, are full of cavities 
and have not a solid flat surface of dead rock, like that surrounding the lagoon • 
nor can they be nearly so hard, for the inhabitants made with crowbars a channel 
of considerable length through these reefs, in which a schooner, built on the south- 
east islet, was floated out. It is a very interesting circumstance, pointed out to us by 
Mr. Leisk, that this channel, although made less than ten years before our visit was 
then, as we saw, almost choked up with living coral, so that fresh excavations would 
be absolutely necessary to allow another vessel to pass through it.”— Darwin 
Structure,” &c., p. 13. ' * 

t Darwin, “ Structure of Coral Reefs,” p. 14. 

- "a 5 St"***. &«•. Sn the years 
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which the strip of dead coral exceeded haliV^mile from the uriial 
wash of the sea to the internal lagoon. In general it was (niljr 300 
or 400 yards. “ Beyond these limits, on the lagoon side in par- 
ticular, when the coral was less mutilated by the waves, diere was 
frequently a ledge, two or three feet imder water at high tide, 30 
to 50 yards in width; ailier which the sides of tiie island. de- 
scended rapidly, apparently by a succession of indined ledges 
formed by numerous columns united at their capitals, with spaces 
between them, in which the sounding-lead descended several 
fathoms.”* The windward sides of the reefs ai}d islets upon 
them are higher than the others, the islets not un&equently well 
wooded,! while, on the opporite sides, the reefs are “ hidf drowned ” 
or wholly under water. The breaks or entrances into the lagoons 
generally occur on the leeward side, though they are sometimes 
found in a side that runs in the direction of the wind, as at Bow 
Island. The points or angles of the islands were found to descend 
less abruptly than the sides. The lagoons vary in depth, from 20 
to 28 fathoms being found in those which were entered, though 
the appearance of the water in others would lead to the inferenro 
that they were very shallow. The accompanying figures are the 
sections given by Captain Beechey as affording a general view of 
these coral islands. Fig. 72 is a section across one about five 
miles wide ; a a being dry islets on the reef; ft ft, lagoon ; and c c, 
open ocean ; and fig. 73 a section across an iriet and part of a 
lagoon, with the slope towards the sea, AB being the habitable 
part of the island ; a ft, water line ; a h, general descent seawards 
towards i.he points ; a r, general descent at the points ; CC, part 
of the lagoon ; DD, coral knolls in the lagoon ; Z, the ocean ; «*#, 
soundings on coral.! 

While the coral reefe above mentioned exhibit no traces of rocks 


♦ Narrative of a Voyage to the Pacific and Behring’s S.raits, &c , in the years 
1825, 26, 27, and 28.” Vol. i. p. 256. London, 1831. 

t With respect to the vegetation on Bow Island, Mr. Collie mentions that the 
pandauus and pemphis grow in the sheltered parts of the plain between the ridges ; 
that the loose dry stones of the first ridge are penetrated by the roots of the tefano, 
which rises into a tall spreading tree, accompanied by the suriana and toumefortia, 
under the shelter of which the achyranthus and lepidium thrive best. Beyond the 
first ridge tlie sofievola flourishes. “ Beechey's Voyage,” vol. i., p. 248. At Ducie's 
island the trees are stated to rise 14 feet, making, with the island, 12 feet above the 
sea, 26 feet from its level. Ibid. vol. i. p. 59. 

t Captain Beechey gives a more detailed account of Matilda and Bow Islands than 
of the others. The windward side of the former ** is covered by tall trees, while that 
to leeward is nearly all under water. The dry part of the chain enclosing the lagoon 
is about a sixth of a mile in width, but varies considerably in its dimensions ; the 
broad parts are furnished with low mounds of sand, which hi|ve been raised by the 
action of the waves, but are now out of their reach, and mostly covered by vegetation. . 




Fig. 72. 
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further than those formed by the consolidation of the matter, 
chiefly calcareous, secreted by the polyps or derived from it, and 
distributed chemically and mechani(^y, other reefs surround 
islands or groups of islands formed of different rocks, or range 
along the shores of seas, such as the Red Sea, or those of large 
masses of land, as on the east coast of Australia. While the reefs 


The violence of the waves upon the shore, except at low water, forces the sea Into the 
lake at many points, and occasions a constant outset through the channel to leeward. 

On both sides of the chain the coral descends rapidly ; on the outer part there Is 
from 6 to 10 fathoms, close to the breakers ; the next cast is 30 to 40; and, at a little 
distance, there is no bottom with 250 fathoms. On the lagoon side there are two 
ledges ; the first is covered by about three feet at high-water : at its edge the lead 
descends three fathoms to the next ledge, which is about 40 yards in width ; it then 
slopes to about 5 fathoms at its extremity, and again descends perpendiculariy to 10; 
after which there is a gradual descent to 20 fathoms, which is the genend depth of the 
centre of the lagoon. The lake is dotted with knolls or columns of corals, which 
rise to all intermediate heights between the bottom and the surface.** ** Voyage,** 
&c., vol. i., p. 218. 

Bow Island is 30 miles long by an average of 5 miles broad. It is similar to the 
other coral islands already described, confining within a narrow band of coral a 
spacious lagoon, and having its windward side higher and more wooded than the 
other, which, indeed, with a few clusters of trees and heaps of sand, is little better 
than a reef. The sea in several places washes into the lagoon, but there la no paasage, 
even for a boat, except that by which the ship entered, which issometimea dangetnua 
to boats, in consequence of tlie overfalls from the lagoon, especially a little after the 
time of high-water. 

The bottom of the lagoon Is in parts covered with a fine white sand, and is thickly 
strewed with coral knolls, the upper parts of which overhang the lower, though they 
do not at once rise in this form from the bottom, but from small hillocks. We fbnnd 
comparatively few beneath the surface, though there are some : at the edge of each as 
are exposed there is usually six or seven fathoms of water ; receding from it, the lead 
gradually descends to the general level of about 20 fathoms. The height of water in 
the lagoon is subject to the variations of the tides of the ocean ; bat it tufibrs so 
many disturbances from the waves, which occasionally inundate the low parts of the 
surrounding land, that neither the rise of the tide nor the time of high-water can be 
estimated with any degree of certainty. The strip of low land encMng the lagoon 
is nearly 70 miles in extent, and the pwrt that is dry is about a quarter of a mile in 
width. On the inner side, a few yards from the margin of the lake, there is a low 
bank formed of finely-broken coral; and at the outer edge a much hi^er bank of 
large blocks of the same material, long since removed from the readi of the waves, 
and gradually preparing for the reception of vegetation. B^ond this high bank there 
is a third ridge, similar to that skirting the lagoon ; and outside it again, as well as 
in the lagoon, there is a wide shelf, three or four feet under water, the outer one 
bearing upon its surface huge masses of broken coral, the materials for an outer bank, 
similar to the large one just described.’* “ Voyage,” &o., voL i., p, 245, 246. 

Mr. Beete Jukes (“ Narrative of the Voyage of the « Fly * to Torres Straits, &c., 
1847”) presents us with the following description of one kind of small coral isla^ as 
seen from the mast-head A small island, with a white sand beach and a tuft of 
trees, is surrounded by a symmetrically open space of shallow water of a bright grass- 
green colour, inclosed by a ring of glistening surf, as white as snow, immediately out- 
side which is the rich dark biue of deep water. Ail the sea is perfectly clear of sand 
end mad ; even wltcre it breaks on a sand beach it retains its perfect purity.” ** It is 
this perfect clearness of tlie water which makes navigation among coral reefr at all 
practicable, as a shoal with even five fhtJioms water on it can be discovered at a mile 
distant from a ship’s mast-head, In oonsequonce of its greenish hue eontiastiiig with 
the blue of deep water.” 
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toucli the land in some places, they are removed from it in 
others ; and many present the appearance of the lagoon islands — 
land either in one mass or in several masses rising through the 
interior lagoon. Mr. Darwin has classed these various modes of 
occurrence into atolls, or lagoon islands, barrier reels, and fringing 
or shore reefs.* 

The following map (fig. 74) of the Gambier’s group, f may 
be taken in illustration of the barrier reefs, and as also showing 


Fig. 74. 



coral reefs fringing the contained islands. All the Interior islands 
are steep and rugged. Mount Duff, on the largest, rising to the 
height of 1248 feet^ and they would appear to be of igneous 
origin.;}: The outside reef on the north-east, the windward side, 

♦ We woul^ refer to Mr. Darwin’s work, “Structure and Distribution of Coral 
Keefs,” for great detail respecting the different kinds of reefs. 

t licduced from that given by Captain Beechy, “Voyage to the Pacific and 
Behring’s Strait,” vol. i. 

I They are described as composed of porous basaltic lava, sometimes passing 
into tufaceous slate, at others into columnar basalt. Dikes cutting the mass were 
observed. . 
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has portions raised above the sea, bearing trees and other plants^ 
while in the opposite direction it dips 30 or 40 feet beneath the 
sea. The outer sides plunge, as usual, into deep water, while the 
inner descend gradually to 120 or 150 feet. Patches of coral are 
scattered over the lagoon, and adhere as fringing reefs to the steep 
islands rising out of it. On the larger island the coral reef ren- 
dered the water so shallow, that the larger boats could not come 
within 200 yards of the landing-place. 

The annexed plan (fig. 75) of Ari Atoll, one of the Maldiva 
Islands,* exhibits a modification of those coral islands which have 
a general reef surrounding a lagoon. Here a number of reefe form 
an outer line, and the interior is occupied by a number of others. 
Many of these are ring-formed, so that the general group reminds 
us of many minor atolls, rising above an area of a tabular character, 
round which the sides plunge rapidly into deep water. The com- 
mon depth between these reefs and islets, some rising above the 
level of the sea, varies from 150 to 200 feet, and in the basins of 
the ring-form detached reefs from 24 to 60 feet. According to 
Captain Moresby, the central and deepest part of the lagoons in 
the Maldiva Islands is formed of stiff clay, of sand near the border, 
and of hard sand-banks, sandstone, conglomerate, rubble, and a 
little live coral in the channels of. the reef.f The other large 
islands, or rather groups of islets and reefs, of the Maldives, present 
the same general characters, while the smaller, one of which (Ross 
Atoll) is represented in the following page (fig. 75, a), offers the 
usual atoll character. 

From the observations of Mr. Darwin on part of the coral reefi 
of the Mauritius, it would appear that the edge of the reef is 
formed of great masses of branching madrepores, chiefly M, corym- 
bosa and M. pocillifera, mingled with a few other kinds of coral. 
To the depth of 48 feet, the coral ground appeared free from sand ; 
but from that depth to 90 feet a little calcareous sand was brought 
up by the arming of the sounding-lead ; more frequently, however, 
it came up clean. The two madrepores above mentioned, and 
two species of astraea, with large stars, seemed-the commonest corals 
for the whole of this depth. Some fragments of MUlepora old- 
comis were brought up, and in the deeper parts were large beds 
of a seriatopora, allied to, but differing from, S, mbul<xta. From 

* Reduced from the chart of the Maldives, by Captain Moresby and Lieutenant 
Powell. 

t As stated by Captain Moresby to Mr. Darwin. ** Structure,*’ Ac., p. 34. Captain 
Moresby informed Mr. Darwin that MHUpora complanata was one of the commonest 
kinds of corals on the outer margin of reefs of the Maldives, ibid. p. 33. 

N 



178 


CORAL BEEFS AND ISLANDS. 


LCn.X. 


Fig. 75. 




Ch. X.] 


COBAL REEFS AED ISLANDS. 


i*9 

90 to 120 feet the bottom, with few exceptions, was ooveied by 
sand, or strewed with seriatopora. From 120 to 198 feet, the 
soundings showed a sandy bottom, with one exception, at 180 
feet, when the arming came up as if cut by the margin aS a large 
caryophyllia. On the beach, the rolled fragments consisted chiefly 
of madrepores and astrasa of the smaller depths, of a massive 
porites, like that at Keeling atoll, of a meandrina, Pocillopara 
verrucosa^ and of numerous fragments of nullipora.* 

The reef surrounding the Mauritius, excepting in two or 
three parts where the coast is almost precipitous, t generally 
ranges at a distance of one, two, or even three miles from the 
shore. Opposite every river and streamlet the reef is, as is 
common, breached, and the slope outside the reef seems generally 
to be moderate, bearing a relation to the slope of the adjoining 
land. 

The Isle of Bourbon is also surrounded by coral reefi, only 
broken through at the embouchures of the rivers, and opposite the 
chief ravines. M. Siau, who had excellent opportunities of observ- 
ing these reefs in 1839 and 1840, has stated;]; that the channels 
or passages through the reefs are kept open by the streams of fresh 
water passing outwards through them, and that they would be 
otherwise soon filled up. As it is, they are considered to have 
decreased in size, in consequence of a diminished quantity of rain 
having, of late years, fallen upon the Isle of Bourbon. These 
channels being, as usual in such situations, the passages to road- 
steads behind the reefs, their condition is a constant subject of 
attention, and, as illustrative of the quick growth of certain at 
least of file reef-making corals of that locality, M. Siau mentions 
that, in one of the channels (that of the Eiviere d’Abord), a coral 
rock has risen from the bottom, and in the middle of it, to the 
height of 29 feet (English) in 12 years. M. Siau§ presents us 


* Darwin, “ Structure of Coral Reefs.” f Darwin, Ibid. 

X Comptes Rendues, tom. xii., 1841. 

§ M. Siau observes, that the labours of the coral polyps are as varied as the 
species. Some (and these are the most widely spread) establish themselves by 
families at the bottom of the sea, on a volcanic or any other rook, unattackable 
by the action of the waves. Each family constructs a detached boss (mamelon) 
which may rise to the height of two or three yards by the labours of many gene- 
rations. These bosses are known in the country by the name of paies de coraux. 
The bottom is thus covered by bosses, which most frequently join, touch, or 
approximate to each other, sometimes leaving open spaces between them, into 
which (coral) sand and shingle are washed by the sea. Such spaces are known as 
rigcHes de sables. 

Upon this fresh bed new families establish themselves, constructiiig another 
bed. The latter are Independent of the former. Sometimes they entirely repose 
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with a very interesting account of the mode of growth of the 
teef*making corals of this island, showing the establishment of 
a series of coral bosses upon each otheri^ yrith the admixture 
of cotU sand^ and shingle, in the anterstioi^ ^twee^ them, up to 
the level of the sea, where the labours of' ^ coral 

polyps terminate. 

on the first somethnes on the so as* to conoed them $ sometimes an 
isolated Tp6lt£ completely coveni a primitiye n^. The Spaces between this second 
bed are also converted into the sea throwing in sand and small shingles. 
Above this second bed other generi^ons raise a fourth and a fifth, and Urns the mass 
is formed of those immense reefii so common in intertropical seas. 

would he wrong to conclude, from the description given, that the beds 
thus formed have a uniform thickness. It should be understood that very great 
differences exist in the height of the pdt/s, and that the entire reef would present 
a diapeiess and divided assemblage of superimposed montecules, the interstices 
between them filled with sand and shingles, their contiguous portions joined together 
by a coral cement. 

*‘The corals of which we have spoken are the most common, forming the mass of 
the reefii. The coral produced is grey, very compact, of a very close grain, and often 
harder than marble. This coral is not worked away by the waves, and is not entirely 
soluble in acids. Upon the firm base of the bosses, above described, a variety of 
small and delicate corals, of different kinds, establish themselves. It is these fragile 
corals which alone furnish the white sand and shingles to the shore and the rigoles^ 
and they are entirely soluble iu acids.*’ 

The same author remarks upon the depths agitated by the waves, and infers 
(Gomptes Rcndues, tom. xii., p. 775) that he had evidence of that action at the depth 
of 578 French feet (616 English feet), on the north-west of the roadstead of St. Paul, 
Isle of Bourbon. It will be obvious that, in such researches, the friction on the 
bottom, by tidal streams, and ocean currents, has carefully to be distinguished from 
the movement produced among the particles of water beneath by the action of sur- 
face wind-friction waves above. Whatever the cause of motion in the superficial 
parts of the sea bottom, either from surface-wave action, or the friction of tidal 
streams, or ocean currents, the observation of M. Elie de Beaumont (appended to 
M. Siau’s Paper), respecting an inquiry as to the depths at which fixed animals are 
found upon bottoms liable to this motion, such animals depending for their food 
upon the prey which may pass them, is equally important. ® • 



CHAPTER XL 

GREAT BARRIER REEF OF AUSTRALIA.-— CORAL REEFS OP THE RED SEA. — 
CONDITIONS FOB THE OCCURRENCE OF CORAL REEFS. — INFLUENCE OF 
VOLCANIC ACTION ON CORAL REEFS.— COMPOSITION OF CORAL-REEF AC- 
CUMULATIONS. — ^INFLUENCE OF CHANGES IN THE LEVEL OF SEA AND 
LAND. — REEFS NEAR BERMUDA. 

The Great Barrier Reef> extending off the east coast of Australia 
for about 1100 miles, with a mean breadth of about 30 miles, from 
Breaksea Spit, in lat. 24® 30' S., and long. 153® 20' E., to Bris- 
tow Island in lat. 9® 15' S., and long. 143® 20' E. off the coast of 
New Guinea, presents an area of about 33,000 square miles, chiefly 
covered with organic, mechanical, and chemical accumulations 
resulting from the secretions of the coral polyps. This great mass 
is broken northwards by the influence of river waters discharged 
from the south-eastern portion of New Guinea, carrying detritus 
with them, and covering the bottom of the adjacent seas with a 
muddy sediment. These conditions ceasing, we find the great 
coral accumulations continued to Louisiade, thus extending the 
surface, allowing for the great break above mentioned, over many 
more thousands of square miles. 

The survey of Torres Stmts, between Australia and New 
Guinea, by Captain Blackwood, has added materially to our know- 
ledge of the Great Barrier Reef, and Mr. Beete Jukes, naturalist to 
the expedition, has afforded us very valuable information respecting ' 
it.* He divides the coral accumulation into — 1st, linear reefs, 
forming the outer edge, or actual barrier ; 2nd, detached reefs, 
lying outside the barrier ; and 3rd, inner reefs, or those which lie 
between the barrier and the shore. With respect to the linear 
reefs, they are described as generally long and narrow, more or 
less parallel to the coast of Australia, and separated by narrow 

* “ Narrative of the Surveying Voyage of H.M.S. ‘Fly* commanded by Captain 
Blackwood, R.N., in Torres Strait, New Guinea, &c.” By J. Beete Jukes, M.A., &c. 
London, 1847. 
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bieal^ as passages, yaiyiiig firom 200 yards to a mile in width, 

oilee in hare commonly 

ocean 100 cir 200 

to the reels, wl^e the ihinde 

gdic^y va^ from 60 to 120 feet. The detached xeefk occnt 
onlyih one locaHty-nsomewhat in fixintc^ Cape QtenviUe, Australia 
^ we except the reefe eastward of the Great Barrier, eastward of 
Torres Strait), rise fiom deep water all round, and have more 
or less of a circular form, with lagoons inside. The inner reefs are 
very numerous, scattered over the platform beneath the more shallow 
wa^ between the outer reefs and the coast of Australia, sometimes 
leaving an open channel between them and the land on ihe one 
ade, or the barrier on the other. They are of different forms, 
have sometimes gradual slopes around, and at others are steep- 
sided.* 

Mr. Beete Jukes observes, that up to about lat. 21° 10', at 
Swain’s Reefs, it can scarcely be said that any true barrier exists, 
there being merely a bank of soimdings off the shore, “ with large 
masses of coral reef settled upon it, and within its outer boundary, 
— almost equally large clear spaces intervening between the dif- 
ferent groups of reefs. In Swain’s Reefs, the individual reefs on 
the outer edge of the group can scarcely be distinguished in form 
from those inside them, although they may have a little more 
linear shape, and their greatest length runs more invariably along 
the line of the boundary of the group. It is only at their northern 
extremity that they assume one of the characteristics of a true 
barrier, that of rising like a wall from a deep apd almost fathomless 


half ft mile to 15 x 
finding bottom doise 


♦ Beete Jukes, “Surveying Voyage of the ‘Fly/ ” vol. i., pp. 317-18. Mr. Beete 
Jukes gives a detailed account of the range of coral accumulations from Breaksea 
Spit (vol. i., pp. 318-332). Respecting the most southern portion, it is stated, that 
“ from Sandy Cape (Australia), a sandy shoal runs out, partially covered by coral, as 
it proceeds outwards. It is formed of siliceous sand, with 10 or 20 fathoms of water 
upon it, sloping to 30 fathoms, after which it plunges into deep water. At the Capri< 
com Group, about 50 miles more northward, all — even the smallest grains of sand — was 
calcareous, and so it seemed to continue to the sedimentary matter brought down by 
the New Guinea rivers, eastward of Torres Strait. 

“ North of the parallel of 23® 10', there is an open space of sea, in which no reefs 
occur, about 50 miles wide from north to south ; and the bank of soundings instead 
of being a steep, well-defined edge, slopes out very gradually far to the eastward. 
The flat of about 20 fathoms, extends out as usual from the mainland for about 30 or 
40 miles, and then gradually deepens, till 70, 80, 90, and 100 fathoms are successively 
attained, 20 or 30 miles eastward of the boundary of the line of soundings, as it exists 
to the southward. The character of the bottom likewise changes from a coarse coral 
to the finest possible mud, of a light olive-green colour, in which the lead often 
wholly buried itself on reaching the bottom. This, when dried, was also entirely 
calcareous, and wholly soluble in muriatic acid.”— Ibid. vol. i., p. 320. 
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sea.”* To Rotfbw&rd the reeis beoome xno^iNRs^iD^ Where 
the detached ree& bocux opposite Cape Oxetilile is a great bagr.iiii 
the barrier, with vei; de^ water, ajina el. ](71^ 
to strike the botttei en ^ stetherR adiip .jiii^ 
reefs forming the bay.. Kent this bay .ITxdiijif' 
from an unl^wn dq>tii, greater than 600 feet, sM-apiN^ toIiitTe. 
a lagoon in its centre. The Great DetachLed Beef -lite ’ W 
northward of this reef, also &om a great depdi, containing a bgomi 
with 180 feet of water in it. 

Baine’s Islet is also another detached reef rising with steep side8(in 
one place at an angle of 55*^) from deep water. Bottom was found at 
960 feet one mile north of the islet, and at 1080 feet two miles 
and a half north-east of it. On the southern side, bottom was not 
fbimd xmtil close to the breakers of the Great Barrier Reef, when 
fine coral sand was brought up from 1050 and 1200 feeLf Pandora’s 


* “Between Swain’s Reefs and the mainland there is a space oIRo to 60 miles 
wide, clear of reefs, with a depth of 30 to 50 fathoms.” — Beete Jukes, “ Surveying 
Voyage of the ♦ Fly,*” vol. i., p. 321. 

t Raine’s Island is described as about 1000 yards long and 500 wide, rising in no 
part more than 20 feet above high-water mark. “ It is formed of a plateau of cal- 
careous sandstone, which has a little cliff all round, 4 or 5 feet high, outside of which 
is a belt of loose sand, forming a low ridge between it and the sea. Some mounds of 
loose sand also rest upon the stone, especially at its western end. The length of the 
island runs in about a N.N.W. and S.S.E. direction. It is surrounded by a coral reef, 
that is narrow on the lee side, but to windward, or towards the east, stretches out for 
nearly two miles. The surface of this reef is nearly all dry at low water, and its sides 
slope rapidly down to a depth of 150 or 200 fathoms.” “ The island is covered with a 
low scrubby vegetation,” and “ the central part of the island had a rich black soil 
several inches deep.” The stone forming the base of the island is described as made 
up of small round grains, some of them apparently rolled bits of coral and shell, but 
many of them evidently concretionary, having concentric coats. It was not unlike 
some varieties of oolite im texture and appearance. It contained large fragments of 
corals and shells and some pebbles of pumice, and it pielded occasionally a fine sand 
that was not calcareous, and which was probably derived from the pumice. Some 
parts of it made a fair building stone, but it got softer below, till it passed downwards 
into a coarse coral sand, unconsolidated, and falling to pieces on being touched. In 
the quarries opened next year for the beacon (constructed for the purposes of naviga- 
tion), many recent shells, more or less perfect, were found compacted in the stone, 
and one or two nests of turtle’s eggs, of which, in some cases, only the internal cast 
had been preserved, but in others the shell remained in the form of white carbonate 
of lime. Some drusy cavities were atso found in the stone, containing crystals of 
gypsum.” “It is evident from the fossil turtle eggs that the consolidation of the stone 
hod taken place after it was raised above the sea. It was due, probably, to the 
infiltration of the rain-water percolating through the calcareous sand, that had been 
gradually piled above high-water mark'^by the combined action of the winds and the 
waves. The tliickness of the vegetable soil in its centre shows that it has been above 
water for a great lengthof time.”— Beete Jukes, Voyage of the * Fly,’ ” vol. i. pp. 

12C-128. The whole surface of the island was covered with birds— all but one kind, 
a land-rail— sea birds, such as frigate birds, boobies, gannets, &c. “ On walking 
rapidly into the centre of the island, countless myriad of bir^ rose, shrieking on 
every side, so that the clangour was absolutely deafening, like theroar of some great 
catar^t.” There were turtle tracks on the beach, and the shells and skeletons of dead 
turtles were scattered about the island. 
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Entrance, through the Barrier Eeef, occurs in IP 10' S., north- 
of the deep bay, and the detached, reefs, alter which the 
is n^e up of long. and closely-ponnec^ massee^ with 
few ihd small gaps for 40 miteft. Erom 10? to Flinders* 
Ebtrance, in lat. 9^ 41 reefs conrist of nttinei^ spots and 
patches (too close to affi)rd good entrance for vesselsj, forming 
submarine pinnacles or towers, rising from a depth of 90 or 120 feet, 
still, however, preserving the line of the barrier, with deep water 
outside, in which the bottom was not found with a line of 960 feet. 

From Cape Weymouth and Eestoration Island, in consequence 
of the altered run of the Australian coast and of the barrier reefs, 
the difference between the outer reef and the mainland in the 
parallel of Cape York (the N.E. point of Australia), has increased 
to 80 and 90 miles. The whole of the intermediate distance has 
not been surveyed, but Mr. Beete Jukes states, that there appear 
to be manyi^ner reefs at a short distance from the land. Between 
these and the great eastern barrier, the sea is comparatively free 
from them, many sunken patches being, however, scattered about, 
and the bottom irregular in places. “ The general depth varies 
from 12 to 20 fathoms, the bottom being coarse sand (with many 
foraminifera and detached corals and corallines), gradually passing 
as we approach the land into finer sand and detritus, and from 
that into the finest possible mud, wholly calcareous and lying close 
to the shore.”* 

The outer barrier terminates at Anchor Key, in lat. 9^ 20' S., 
and no coral reef is found further towards the coast of New Guinea, 
in this direction, except the Bramble Reef, described as fringed 
round other rocks. The chart shows coml sand and fragments on the 
bottom in 38 fathoms, increasing to 54 fathoms, and stretcliing out 
50 miles to the eastward of the Bramble’s Key, while all the soundings 
on the north, in front of a low coast, with a large discharge of fresh 
water from various channels in New Guinea, are of mud and sand. 
In front eastward of' Flinders’ Entrance, Portlock’s reefs rise from 
a depth of 360 to 400 feet, so* that oh the north, as on the south, 
as is observed by Mr. Beete Jukes, the corals rise from the ocean in 
shallow water as compared with the central portions. Between 
Cape York and the opposite coast of New Guinea, extensive reefs 
seem to prevail adjoining the latter, rising out of 30 to 70 feet of 
water, and a considerable reef connects Warrior Island with the 
mainland of New Guinea. All the central parts of' Torres Strait, 


* Beete Jukes, “ Voyage of the ‘ Fly,’ ” vol. i., p. 330. 
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from nortli to soutli, between Gape York sod Tnrde*Back T«h^ 
are remarkable for a nearly uniform bottop,, & fo 11 fot^jog/: 
formed of sand and mud. No coral reefii were -tomid intbia emriaw^ 
band, except narrow tedktmii yvnl*^ 

materials,— porphyries, grantfos, and' r .. >' ■ 

Coral reefo are abotidaut in dm Bed 1^ 
to a great extent Numerous localities have. bten'd:ii£iniSi for a 
distance of about 200 miles by MM. Ehrenberg and Sfomptufo, 
and 150 species of corals were observed. According to tke fiam^l 
these reefo form shallow incrustations on the rocks of the coasts, 
from 3 to 12 feet beneath the surface the sea, often sloping out* 
wards. They do not always adjoin the coast, but often form narrow 
parallel bonds at various distances from it The reefo are com- 
posed of Madrepora, Retepora, Millepora, Astraea, Favia, Cary- 
ophyllia, Maeandrina, Pocillopora and Stephanocora, mixed with 

* Beete Jukes, (“ Voyage of the ‘ Fly/** voL i., p. 331,) from his experience among 
the greats coral accumulations of Eastern Australia, has given the following account 
of an individual coral reef — A submarine mound of rock, composed of the fragments 
and detritus of corals and shells, compacted together into a soft spongy stone. The 
greater part of the surface of this mound is quite flat and near the level of low water. 
At its edges it is commonly a little rounded oiT, or slopes gradually down to a depth 
of 2, 3, and 4 fathoms, and then pitches suddenly down with a very rapid slope into 
deep water, 20 or 200 fathoms, as the case may be. The surface of this reef, when 
exposed, looks like a great flat of sandstone with a few loose slabs lying about, or 
here and there an accumulation of dead broken coral branches, or a bank of dazzling 
white sand. It is, however, chequered with holes and hoUows more or less deep, in 
which small living corals are growing ; or has, perhaps, a large portion that is always 
covered by two or three feet of water at the lowest tides, and here are fields of corals, 
either clumps of branching Madrepores, or round stools and blocks ofMseandrina and 
Astrsea, both dead and living. Proceeding from this central flat towards the edge, 
living corals become more and more abundant As we get towards the windward side, 
wo of course encounter <the surf of breakers long before we can reach the extreme 
verge of the reef, anu among these breakers we see immense blocks, often two or 
three yards (and sometimes much more), in diameter, lying loose upon the ree£ 
These are sometimes within reach by a little wading ; and though in some instances 
they are found to consist of several kinds of corals matted together, they are more 
often found to be large individual masses of species, which are either not found 
elsewhere and consequently never seen alive (Mr. Beete Jukes saw an irregular block 
of Mseandrina, of irregular shape, 12 to 1 5 feet in diameter), or which greatly surpass 
tlieir brethren on other parts of the reef in size and importance. If we approa^ the lee 
edge of the reef, either by walking oh in a boat, we find it covered with living corals, 
commonly Mmandrina, Astraea, and Madrepora, in about equal abundance, all glowing 
with rich colours, bristling with branches, qr studded with great knobs and bh :ks. 
When the edge of the reef is very steep, it has sometimes overhanging ledges, and is 
generally indented by narrow winding channels and deep holes, leading into dark 
hollows and cavities where nothing can be seen. When the slope is more gentle, the 
great groups of living corals and intervening spaces of white sand can be still 
discerned through the clear water to a depth of 40 or 50 feet, beyond which the water 
recovers its usual deep blue. A coral reef, therefore, is a maas of brute matter 
living only at its outer surface, and chiefly on its lateral slopes.**— Ibid. vol. i., 
pp. 314-316. 

* Tiber die Natur und Bildung dor Corallen-Banken des Bothen Meeres,’* 
Berlin, 1834. 
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tlie sheik of mottuscs, the remains of fish^ &e, According to 
H. Shrenberg, the height^ resnlting from the dooumnlation of the 
same cerak, is small. With respect to the banks and reefs lying 
some distance from the shore, Captain Moresby states that they 
appear more elongated than they r^y are when correct plans are 
constnicted of them. Though many of these reefs rise to the sur- 
face, the greater number are found at depths from 30 to 180 feet, 
and consist of sand and living coral, the latter covering the largest 
part of their surfaces. They run parallel with the shore, some- 
times connected with the mainland by transverse banks. Deep 
water occurs close to them,* 

With respect to the varied conditions under which coral reefs 
are found, probably the observer may conveniently first consider 
the manner in which different species of coral have hitherto been 
known to occur. As Mr. Beete Jukes has remarked, though the 
reef-making coral polyps are only known to us as living at depths 
not extending beyond 120 to 180 feet, there may be others form- 
ing masses of calcareous matter at greater depths with which we 
are unacquainted.! The evidence respecting corals of various 
kinds would lead us to infer that, like the molluscs above men- 
tioned (p. 146), while some prefer, or arq^^ adjusted to particular 
bottoms, whether solid rock, sand or mud, at various depths, 
moderate or considerable, others are only to be found in shallow 
water. Viewing the subject in this light, the corals living at the 
surface of the sea may be compared with littoral molluscs keeping 
situations peculiar to them. While some appear adjusted to the 
nearly constant movement of ocean breakers, ojbhcrs, even at small 
depths, require tranquil water ; so that at nearly equal depths the 
corals, forming the hard mass of the reef, or finding shelter amid 
its cavities, in the lee of lagoons, when there are such, divide 
themselves into two classes. 

Referring to the early and swimming state of the reef-making 
coral polyps, we may assume that, wherever fitting conditions pre- 
sented themselves, they could settle, adhere to a sufficiently hard 
substance, and commence the foundation of a reef. If we take 
coasts as they are variously presented to us, we find that, as regards 
depth, we may have the 120 or 180 feet, for the reef-making 
corals either close to the shore, or removed to various distances 

♦ Darwin (“ Structure and Distribution of Coral Reefs,’* p. 192), from information 
communicated to him by Captain Moresby. 

t It would be well carefully to examine the coral reefs, which have been un- 
doubtedly raised above the sea by geological movements, for the species contained 
in their lower parts. 
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from it. So thati Mumiiig tlie i 
requisite bottom, they can commence their teef^iearlng labom al 
various distances from the land, and, tairing the reefii, form v^ 
different Imes around or adjoining it. Let, in the annexed dk^am 
(fig. 76), ee a be the sur&ce of the sea round an island, hb the 
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level beneath that surface at which the swimming coral germs can 
attach themselves and begin their labours, then at c the reef would 
be fringing and adjoining the coast ; while at a bank might be 
raised up, forming a barrier reef to the coast e. Such a bank once 
established, the space /, between the coast, and the barrier, rf, 
becomes fitted for those corals which require the shelter afforded 
by the latter. Whether from being best adapted for procuring 
food, or as afforJing conditions ill-suited to the coral-eating animals, 
the surface reef-making corals flourish in the surf of breakers, so 
that they grow, as a mass, outwards. With respect to original 
bottom, if there be sufficient tranquillity at the depth of 120 feet 
from wind-wave action, either directly produced on the spot by 
winds, or transmitted, as a ground or ocean-swell, from a distance, 
there appears no reason why the corals found at that depth, in 
lagoons and other sheltered situations inside barrier reefs, should 
not live ^nd die uncl^r such circumstances, besides other corals, not 
yet known. These would form a base on which the more shallow 
water and littoral corals, among them those able to resist the 
breaker-surf itself, would begin their work. So long as these keep 
at sufficient depths, the mechanical action of the breakers will little 
affect them, but as they rise with the reef they gradually come 
within its influence, so that finally the coral masses are dealt with 
as the rocks of any other coast would be under similar conditions. 

While corals thus forming a coast, may be, to a certain extent, 
adjusted to the powers of ordinary breakers, any increase in the 
force of the breakers over the resisting powers of the corals would 
break off portions of the latter, so that, during heavy gales of wind, 
the resistance becoming very unequal to the force employed, large 
masses of the coral are tom off and hurled over the reef inwards. 
This can scarcely happen without minor portions being also thrown 
over, or broken off from the detached masses, and the gene^ 
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actipD such that fingmeutB libe cofal mass &]1 outside the steep 
slope of the outwaid growth, a steep slope which we should expect 
to have been gradually formed as the coral reef rose within the 
mechanical action of the breakers. ‘ Let ab (fig. 77) be the surface 

Fig 77. 
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of the sea in calm weather (for the moment considered without 
reference to changes of* level produced by tides), c d, a depth at 
which reef-making corals can, other conditions being favourable, 
establish themselves, and e, e, the commencement of a reef, not 
raised so high as materially to feel any of the mechanical effects 
arising from any wave action, W,W,W, though every successive 
addition to the reef would bring it more and more within that 
influence. When, by vertical increase in the coral mass, a breaker 
could be formed by sufficient proximity to the wave, W,W,W, 
abrasion would commence as the coral resistance became unequal 
to the force employed, and the detritus would be scattered on each 
side, the inside probably, from the direction in which the force 
was applied, receiving the chief portion, while some fell outwards 
towards b d. As the coral growth rose to the rsurface, under ordi- 
nary weather, the increase more than meeting the loss by abrasion, 
the interior would be filling up also by corals, some of which re- 
quired the shelter there afforded them. Outside, the breaker 
action would remove the smaller fragments in mechanical sus- 
pension, leaving the larger blocks, so that hollows amid the 
latter would get filled with a portion of the finer matter, the 
greater part of which would be carried out at the base of the reef, 
more or less ground into sand by the friction to which it may have 
been exposed. 

If we suppose the reef to have so risen that it touches the 
surface of the sea, the growth of the coral still increasing the mass 
beyond the power of the surf to break off portions of the reef, a 
time would come when, from the usual breaker action upon coasts 
previously mentioned, fragments of various sizes, with coral 
pebbles and sand, from continued friction of the fragments in the 



Burt, woiua oe mxown up lu a oaiuc upon 
added hj the winds# The decomposilaozi of 
the more freshly broken pieces of coral/ added to any anin^ 
matter entangled amid the reef| would aanst in its consolidation 
by, among other things, the production of carbonic adid, for 
combination with the water to act on the carbonate of lime of the 
corals, so that sufficient would be taken up in solution to cement 
them together, by subsequent deposit among the coral] fragments, 
thus forming conglomerates and sandstones. A dry portion once 
above water, the often-described vegetation succeeds, the decom- 
position of which also affords free carbonic acid for the further 
solution of carbonate of lime, and an additional consolidation of the 
mass beneath by <5hemical means. Considering the mixture of animal 
matter in the coral mass itself, entangled among it in various 
ways, and by its decomposition affording carbonic acid, and the 
conditions under which this carbonic acid could be brought to aid 
in the solution of the carbonate of lime of the coral polyps, it will 
be seen that circumstances may often arise for the obliteration of 
the organic texture, and the substitution of calcareous matter, 
presenting an inorganic character, such as has been often remarked. 

The nearer the surface the greater would be the power of the 
breaker action to peel off the upper coating of the reef, during 
heavy gales of wind, and cast the fragments inwards as well as the 
rounded pebbles which may have been formed in fitting situations 
at ordinary times by the common force of the breakers. We should 
expect this to be effected to distances beyond the margin of the 
reef, dependant upon circumstances, among which the rise and 
fall of tBe tide, botli during ordinary weather and at the time of 
any heavy gale of wind, have to be regarded. Assuming c, t 
(fig. 78) to be the difference of the tide level, it will be obvious 


Fig. 78. 



that any power which the breakers may have at the level a, c, 
will be changed during the rise and fall of the tide, ranging up 
and down all the portions of the reef exposed within the depth 
c. We have assumed as in the accompanying section (fig. 77), 
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that the coral animals in their free swimming state met with a 
bank m, w, so tliat at the level rf, they found the conditions, as 
to depth and other things suited to them. Assuming that they 
would not work beneath this level, as the reef rose to the island 
f, and the detritus outside accumulated, the latter would cover 
over the deeper part w, of the original bank, by successive coat- 
ings, over which the coral polyps would advance their work 
laterally, thus covering horizontally a detrital mass, laminated at 
an angle according to the slope on which it may accumulate. 
Taking the outside detrital increase at any given amount of cubic 
contents, it would follow that, according to the small slope of the 
original bank would be the rapidity of the lateral advance over 
which the corals might be disposed to work, steep slopes affording 
the least ground at a given level for such increase. For the sake 
of easy illustration we have assumed a bank such as that near 
Breaksea Spit, on the coast of Australia, and above mentioned 
(p. 182), which after retaining a certain general depth, and pre- 
senting a rounded margin, plunges into deep water. 

It may now be desirable to consider the effects which would 
result, in the regions of coral reefs, from volcanic action. We 
have seen that within our own times, volcanic action has brought 
ashes and cinders to, and above the sea level in the Mediterranean 
(p. 70) and in the Atlantic (p. 100), that the islands so produced 
have been temporary, and that very probably the incoherent 
matter of which they were composed has been cut down to the 
depths at which breaker, or wave action could disturb and remove 
such matter. At least this could scarcely but happen, supposing 
no subsidence from the pressure of the water into the crater in such 
a manner as to lower the volcanic mass, independently of any 
subsidence from volcanic causes themselves, carrying down the mass 
of ashes and cinders beyond the influences of breakers and waves. 

If in the annexed diagram (fig. 79) we consider u, 6, c, dy to 


Fig 79. 
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be a section of a volcanic cone, the top of which was forced during 
some eruption above the level of the sea, e,/, that this condition 
ceasing, breaker and wave action cut down the loose materials to 
the level A, one to which their influence could extend, even 
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probably sifting the ashes and cinders, as in the case of the Island 
of Sciacca (Mediterranean), so that a somewhat stony bottom might 
be the result, we should have conditions fitted, in the coral-reef 
seas, for the settlement of the germs of the reef-making polyps at 
i and k. At those points of the section the reefs would increase as 
above noticed, when they rose sufficiently high to be acted upon 
by the breakers, fragments broken off, and partly thrown down 
on the outsides, towards a and rf, and the corals spreading over 
them as previously noticed. Inside there would be a lagoon, 
which, as soon as a general barrier of coral was established outside, 
would be filled in the usual manner with corals and other marine 
creatures suited to the sheltered conditions there found. The 
overflow of the breaker-waters, and the rise and fall of tides com- 
bined, would tend to keep open a channel or channels between the 
lagoon and the sea outside, and finally, terrestrial vegetation would 
establish itself upon a coral bank chiefly raised into the atmosphere 
by the piling influence of the breakers upon the coral ridge. The 
forms of such islands would necessarily depend much on the hori- 
zontal section of the volcanic accumulation, when cut down by 
breaker and wave action. We should expect the submarine and 
steep flanks of the mass to be encrusted by coral sands and frag- 
ments in proportion to the time during which the reef-corals may 
have been increasing outwards in any particular locality, so that 
the sounding-lead could bring up little else around the coral reefs 
and island except coral detritus, and the marine animals which 
could exist under the needful conditions at various depths around 
the main mass. ^ 

As we have abundant proofs that, not only ashes and cinders 
have been vomited out of volcanic vents, reaching to and beyond 
the sea-level, but molten rock also, the whole even attaining con- 
siderable altitudes, such as the volcanic heights of Hawaii, and 
others of the Sandwich Islands, with deep water around them, it 
may not be undesirable to consider the conditions imder which coral 
reefs might be gathered around such volcanic masses. Let, in the 
annexed section (fig. 80) a, J, c, represent the remains of a mixed 
volcanic mass of molten rock, and of ashes and cinders, cut away by 
atmospheric influences and breaker action, so that a portion of 
hard rock, i, perhaps once molten matter in the crater of a volcano, 
stands above the level of the sea, while at g and /incoherent ashes 
and cinders are cut back by breaker action (as in fig. 79) to this hard 
rock. We should now have conditions for the formation of reefs 
at f and g under the same circumstances as above noticed (fig. 79), 
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Fig. 80 . 



with this difference, that instead of an uninterrupted lagoon in the 
interior of the coral reefs, there would be land emerging from it, so 
that these reefs would be encircling. In addition to the usual causes of 
keeping channels open, the islands, if of good size, might contribute 
fresh-water streams, at times cliarged with detrital matter, prevent- 
ing the increase of the coral reefs in the lines which they traversed. 

It would appear desirable, in the first instance, that an observer 
should direct his attention to the conditions under which coral 
reefs and islands could be formed, either as lagoon islands, reefs 
touching or encircling land composed of ordinary detrital or igneous 
rocks, or upon shoals and banks ranging in front of considerable 
lines of coast. It is not a little interesting further to consider the 
mode in which a general mass of coral matter would be composed, 
after a lapse of time sufficient to complete the filling up of lagoons, 
with or without the protrusion of dry land formed of ordinary 
rocks through them, or the space between an outer line of coral 
reefs and a considerable range of coast, such as that of* a portion of 
Eastern Australia. 

As to the height to which corals may rise, Mr. Beete Jukes found 
coral polyps alive six or eight inches out of water, and so, remain- 
ing for nearly an hour, until the return of the tide. He often 
observed the same fact, and believes that an exposure to the air 
and sun will not kill many of the polyps, so long as the coral 
remains in a position of growth, the cells retaining their moisture. 
He has seen blocks of living astreea, the tops of which were 18 
inches above water. This shows that we may take the ordinary 
tide level for that to which the reef-making coral polyps can work 
under favourable conditions ; and that there may be a mass of 
matter coinciding with the line of a main reef round a lagoon-en- 
circling island, or in front of a long range of coast, which may, 
from the top to the other substances on which the reef reposes, 
be chiefly formed by the growth of corals upon each other, 
occasionally mixed with the hard remains of marine animals in- 
habiting the cavities amid the corals, and with detrital portions 
driven in amid the hollows of the rising mass. 
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, To whatever extent the germs of coral polyps could settle upmt 
any surface, beneath the searlevel, suit^ to thmr devdopmeut^ 
conditions would diange, as the reef portion rose seaward, bdund 
the belter gradually afforded fipm the-n||lof the wave^ and tiieii 
action on the bottom bene^; so that wlote ' sands 

mention^ outwards, (the reef-nuSing polyps wotl^ this 
detritus,) a veiy complicated series of deposits and coral growthf 
would be formed inwards. In the case of coxal lagoon-iaiandsi 
there would finally be calcareous plateaux of very variable areas, 
some many square miles in extent, of equal levels, separated, in 
such regions as the coral island groups of the Pacific Ocean, b;y 
irregular intervals of deep water. These isolated sheets of mattei 
of general similar character would be, to a certain extent, stra- 
tified, though coral growths may pierce the general mass in variom 
directions ; the strata composed of beds of coral sand and mud, a£ 
these gradually accmnulated, mingled with the shells of molluscs, 
the spines and coverings of echinoderms, the hard remains of fish, 
with possibly also those of certain birds and turtles, even the eggs 
of the latter being preserved in the higher sand-banks. There 
would be deposits of calcareous mud outside also, at depths where 
it could accumulate in an undisturbed manner ; this calcareous mud 
borne out of the outlet channels during ebb-tides, and when heavy 
gales drove an abundance of water over the weather-side of the 
encircling reefs, to escape out of the same channels. Such mud 
might be widely spread by tidal streams and ocean currents, and so 
far constitute a kind of connexion, enveloping uneven and sub- 
marine ^ound, between the coral plateaux. 

In the case of the reefs, more or less encircling islands of varied 
magnitudes, and composed of ordinary sedimentary and igneous 
rocks, there would be a modification of the deposits inside the reefs, 
so far as a supply of decomposed mineral matter from atmospheric 
influences and ordinary detritus from such lands would be con- 
cerned. The remains of a larger and more varied amount of 
terrestrial vegetable and animal life would be there expected ; as, 
also, under favourable conditions, the addition of the harder parts 
of'fluviatile creatures. Where intermingled with the simple lagoon 
reefs, there would be corresponding modifications of the interior 
deposits at the same general level. 

As respects the accumulations, for so many thousand square 
miles, insider the Great Barrier Eeef, off the eastern coast of 
Australia, there would be a great sheet of matter, as a whole. 
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iaving a certain general character. Viewing, generally, this range 
of coast, there is a great absence of fresh waters draining from the 
adjoining land ; indeed, water is scarce along it under ordinary 
conditions. Hence no material influence is exercised on the growth 
of the coral polyps, and their associated life, by rivers and streams 
of fresh water, either clear or charged with detritus in mechanical 
suspension. Seaward we have the same conditions as the outward 
portions of the lagoon reefs, for about 1000 miles ; the southern 
portion rangin g beyond the circumstances fitted for the develop- 
ment of the reef-making coral germs, and resting on banks of 
ordinary silicious sand, while the northern portion is terminated 
by the influx of river waters, bringing down muddy matter from 
New Guinea; thus also preventing the same germs from properly 
establishing themselves, though conditions would otherwise appear 
to be fitted for their development, for passing the outflow of the 
river waters, coral reefs are again established to the northward. 

Inside this long line of outer reefs, accumulations are effected as 
in the ordinary isolated lagoon reefs, until the main line of coast is 
approached, where modifications would be expected, though on a 
larger scale, of the kind found aroimd the islands, composed of 
ordinary rocks, inside encircling reefs, and above noticed.* Such 
a small volume of fresh waters flowing outwards from the land, 
comparatively little detrital matter from the interior seems trans- 
ported far seaward, so that the calcareous detritus derived directly 
from the reefs, and groimd finer by friction from breaker action, 
or passed through the animals feeding on the coral polyps, readily 
becomes forced towards the land from the prevalent action of the 
waves in that direction. It there mingles hear the coasts with 
such detritus as may be derived from the land by breakers, how- 
ever modified these may be from the shelter afforded by the outer 
reefs, or be carried out into such tidal streams as prevail by the 
rivers in flood. Viewed as a whole, we shoixld expect much con- 
tinuity in some of the deposits, particularly the finest, in many 
parts of the great area comprised between the coasts and the outer 
great barrier reefs, in which an abundance of molluscs, radiata, and 
layers of certain corals, with the harder parts of fish and orusta- 
ceans, would be entombed. Near the land, and particularly where 
mangrove swamps prevail, there would be modifications of these 
continuous deposits. As a whole, it would constitute a great wnaq 


• The green mud off Cape Direction, east coast of Australia, is wholly colcareous. 
—Beete Jukes, “ Narrative,” &c. 


Ch. XL] 


CORAL REEFS A^D ISLANDS. 


more or less stratified, intermingled here and there, especially 
towards the outer barrier reefs, with complicated mixtures of cord 
growth in reefs, the detrital matter derived fi^m them, the harder 
parts of other marine animals living among them, and the alter- 
ations of structure produced by chemical means. 

Stratification, or an approximation to it, is not confined to the 
coral sands and mud, and the layers of organic remains which may 
be intermingled with them, for a tendency to split into slabs is 
often noticed in the mass of the reefs. Indeed, Mr. Beete Jukes 
not only mentions such a mode of occurrence at Heron Island 
(part of the eastern Australian coral accumulation), but joints in 
that reef also, splitting the coral rock into blocks of firom one foot 
to two feet in the sides. These joints or divisional planes are 
parallel to the dip and range of the beds respectively, and the coral 
beds dip seaward at an angle of from 8° to 10®. 

The observer has next to turn his attention to the consequences, 
as regards coral reefs and islands, which would follow any of those 
changes of the relative levels of sea and land, both on the small 
and large scale, and to be subsequently further noticed, which the 
study of geology teaches us has so frequently occurred. 

There can be little doubt of coral banks and reefs similar to 
those in the seas of our times, and in coral-reef regions, having 
been raised above the surface of the sea, like other marine 
accumulations, forming dry land. Such have been long known. 
MM. Quoy and Gaimard, who accompanied the expedition of 
M. Freycinet, and who remarked on the moderate depths to which 
the reef-making cerals appeared to extend,* * * § mention that on the 
coasts of Timor coral banks so occur above the sea level as to 
have induced M. Peron to consider the whole land formed of 
them.t At Oahu, and other places in the Sandwich Islands, 
coral banks have been long known to extend inland, and more 
modem researches have confirmed these observations. Mr. 
Couthouy, in particular, gives an account of ancient reefs, now 
raised above the sea level, at the islands of Maui, Morokai, 
Oahu, and Tauai.J We had occasion to remark also some years 
since 'on the raised coral reefe on part of the coast of Jamaica.§ 
Elizabeth Island, off tiie eastern side of the low archipelago, 

* Quoy and Gaimard, Sur 1* Accroisement des Polypes Lithophytes considM g^lo- 
giquement, Annales des Sciences Naturelles, tom. vi. 

t Upon proceeding inland a short distance, MM. Quoy and Gaimard found these 
coral banks resting on vertical beds of slate. 

X Remarks on Coral Formations. 

§ Geological Manual, 3rd edit. 1833, p. 165. 
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(fetweep iPww and Pitcai^ Idauda,) ^ been ocspida:^ fi^aa 
^ dse^pdoa of Captain Beecdiey,* to boa good.^ of a ndaed 
coni idandt its flat summit 80 feet above tbo aea* Mr. Darwin 
bas accumulated a mass of infonnalion'f* fiR>m the peismud com* 
munications of the Bev. J. Williams^ Mx. Martens, (<^ Sydney,) 
and Mr. C. Bennett, and from niunexous voyt^ers, and other 
authors, showing coral banks devated to various heights above the 
level of the sea in the Cook and Austral Idands, Savage Islands, 
the Friendly Islands, the Navigator Group, the New Hebrides, 
New Ireland, the Marianas, the East India Archipelago, the Loo- 
Choo Islands, Ceylon, Mauritius, Madagascar, part of the eastern 
coast of Africa, the Bed Sea, and the West India Archipelago. 
In fact, this list comprises examples in all seas where coral reefs 
and islands have been noticed, and leaves little doubt tlut since 
coral reefs and islands were formed, as they now are, in the fitting 
regions, many throughout those regions have been raised above the 
level of the sea into the atmosphere. 

LafCl Island, one of the Loyalty group, has also been noticed by 
the Rev. W. B. Clarke as a raised coral island. It is about 
90 miles in circumference, and surroimdcd by a fringing reef, 
upon which the depth gradually increases outwards for a quarter 
of a mile, the reef then plrmging into deep water. The whole 
island is composed of dead coral. Its average height above the 
sea is about 120 feet; and it attains, at points on the eastern 
side, an elevation of 250 feet. There is a ledge or shelf, like 
that now surrounding the island, at 70 or 80 feet above the 
sea. The surface is table land, with hollows and elevations, 
such as characterise a coral reef. Mr. Clarke infers tlmt this 
island has been elevated at two distinct periods; at the first 
to the amount of 170 feet, at the second to 80 feet additional 
height.^ 

In considering the elevation of coral reels above the sea-level, 
the portions of a sea-bottom should also be taken into account, 
which may by the same means be brought within such a dififAtioft 
of the surface water, that the germs of the various coral polyps, 
which aid in the establishment of a reef, could find the needful 
conditions for establishing themselves. It has to be borne in min/I 
that inequalities of the sea-bottom exist as much in coral regions 


* Beechey, Voyage to the Pacific. 

t Darwin, Structure and Distribution of Corai Beefii, pp. 132-137. 
t Clarke, Quarterly Journal of the Geological Society of London, Tol. lii., 
61 1 1847. 


18 in odwn;; iode^ ^ igneoiu 
cularly in Am ^ ^ ^ Oce(Bii^^vri^k(W% 

no sli^t vamticms in tiiis respect Miuiy * boss « extoided od^'; 
lection of volcanic inequalities may be idsed by ^ same move* 
ments as tiiose which have elevated the coral banks to varioos 
altitudes above the sea. While some pierced the 8urfiu»-levd 
the water, to be dealt with by the atmosphere and the iBeakers, 
as &r as their varied resistances to the destructive action of 
the one or the other might permit, others would be dif^ntly 
circumstanced. Some formed of incoherent cinders and ashes 
would readily be cut down to the level to which breaker action 
could extend j while others would only just reach the needful 
depth beneath tiie sur&ce-water for the establishment of coral 
reefs. 

As respects inequalities of sea-bottom, if the Great Bank of 
Newfoundland were in coral regions, and were elevated fiom 
its present relative level, so that its broad platform with its 
common depth of from 40 to 50 fathoms, one small portion of 
the area being occupied by the Virgin Rocks, were raised 
about 20 fathoms, by which coral reef-making germs could 
fix and develop themselves under fitting conditions, we should 
have an area of between 35,000 to 40,000 square miles, aroimd 
the irregular margin of which there would be conditions, as 
represented in fig. 81 (p. 198), for an extended border of coral 
reefs. The sea around the margin would often be suddenly 
deep. The new Admiralty Chart of the North Atlantic pves 
106, 1^7, 147, 13^, 107, and 149 fathoms, as now found close 
off the south-eastern tide of the Great Bank. There would 
be an island of small size, now the Virgin Bocks, above water 
with still 20 fiithoms close to it; and supposing a somewhat 
questionable shoal (with 3 J fathoms upon it), about 40 miles to the 
eastward of the Virgin Rocks to be really existing, there would be 
another small island in the same area. The Great Bank, with its 
continuation the Green Bank, would be separated by a channel, 
then 55 to 79 fathoms deep, fi:om the St. Pierre Bank, round the 
edges of which there would be conditions for a fnngeof coral reefi, 
enclosing a large area of water with no other land above its surfiice. 
Indeed, the St. Pierre Bank would then bear an external resem- 
blance to a great atoll, about 140 miles across firom south-east 
to north-west, with a maximum breadth from south-west to 
north-east of about 70 miles, and having a somewhat steep slope 
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outside, on the south-west side, into 118, 160, and 149 fathoms, 
the change from the present depths being taken into account.* 

In the Bermudas we seem to have an instance of an isolated 
bank in the Atlantic, far distant from land, and rising firom deep 
water, upon the upper part of the crown of which coral reefs have 
established themselves, mingled with others which have been 
described as chiefly composed of serpulae, nulliporae incrusting the 
work of the marine animals as upon the coral reefs of the Pacific 
(p. 169).t The remarks of Captain Nelson, of the Eoyal En- 
gineers, having chiefly reference to the geological structure of 
these islands, there is yet much to be accomplished by the ex- 
perienced naturalist respecting the reefs themselves, which are 
especially interesting from their geographical position, and the 
marine life connected with it. 

Although deep water is reported to surround the bank upon 
which the reefs and isles of Bermuda are situated, the reefs them- 
selves are immediately bounded outwards by shallow water, only 
6 and 7 fathoms being marked on the charts as a somewhat 
common depth immediately bey(Hid the reef, deepening somewhat 
further distant to 12 and 15 fathoms. Captain Nelson describes J 
the Bermudan group to consist of about 150 islets, lying in a 
north-east and south-west direction, within a space of 15 by 5 
miles, and containing altogether an area of about 21 square miles. 
This group is situated very near, and conformably to, the south- 
east side of a belt of reefs, partly formed by corals, and partly by 
serpulas, of a rude elliptical form, 25 miles long by 13 miles broad. 


The extensive submarine area of the Newfoundland banks is also highly 
interesting, as exhibiting a very slight difference in level. From 250 to 300 feet 
beneath the surface-water seems a very common depth, though there appear to be 
gradual swelling portions bringing the bottom more upwards. If these banks were 
elevated above the sea, they would present an irregularly bounded platform, divided 
by one main channel, many thousand square miles in extent, the chief height above 
which would be a rocky eminence, about 240 feet above the general surface, where 
the Virgin Bocks now occur; and, if the questionable shoal on the eastward really 
exists, a boss of ground of about the same altitude in that direction also. If these 
banks have been in previous geological times raised into the atmosphere, all traces 
of considerable hills and valleys, which may then have e 2 usted,have been obliterated. 
And this may readily have happened from the levelling effects of breaker action, 
combined with the distribution of the detritus by tidal streams and ocean currents, 
as the land may have slowly subsided. Be this as it may, detritus would not readily 
be now borne to these banks from the adjoining coasts of Newfoundland by any 
drifting action along the bottom, since, as previously mentioned, deep water occurs 
between the banks and that land. 

t The occurrence of coral reefs so far northward in the Atlantic is referred to the 
influence of the heated water carried northerly by the Gulf.Stream* 

t Nelson, Transactions of the Geological Society of London, 2ud series, voL v, , 
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Ths o^im^ smid the islets are shallow^ and the depth of water 
wit^ ;lhe faou^^ ree& rarely exceeds 12 to 14 fathoms. The 
higliest land rises to about ^60 feet above the sea at Sears Bill^ 
ai^ Gibbs Hill has an elevation of 245 feet. 

Captain Nelson describes the islands as altogether calcareousi 
the b^s‘vaiying from loose sand to limestone, so compact as to 
receive a good polish, the whole derived from animal secretions, 
chiefly marine, though the remains of land shells, and birds^ bones 
are also mentioned. From the mode of occurrence of the calcareous 
beds, and especially from the saddle-shaped sections observable 
throughout the islets, Captain Nelson infers that the deposits have 
been efiected by means of the wind, driving the calcareous sands, 
including fragments of, and whole shells, in the usual v ay before 
it, and heaping them up irregularly into sand-hills, the component 
parts of which have been variously consolidated. A foot of red 
earth, containing vegetable matter, commonly covers the calca- 
reous accumulations. Fragments of coral and shells are noticed 
as common, and the remains of Lucina ( Verms) Pennsylvanica arc 
especially pointed at as frequent Turbo Pica is also common ; 
and Captain Nelson is inclined to refer its occurrence on the 
heights to the hermit crabs, which he has seen running about with 
these shells.* Coral reefs occur inside the main, or outside reefs, 
and do not rise above low water, except at spring tides. Over the 
bottom of this basin calcareous sand and chalky clay (the best 
anchoring ground) are distributed. The tides average a rise and 
fall of about feet, and at low water the main reefs stand about 
2 feet above the sea. 

Although there may be good evidence of much of the calcareous 
accumulations of these islets having been effected by means of the 
wind, piling up sand and fine calcareous particles driven, in the 
usual way, by breaker action at high tides, and by gales of wind,t 
still there would also appear evidence that there may have been 
some elevation of the general mass, since a bed containing shells of 
the Lucina Pennsylvanica^ and now about 6 feet above water, has 
an even range from Phyllis Island to Harris Island. Under this 


♦ Mellita (SciUeUa) quinquefora is noticed as found, the pores of the crusts filled 
with crystalline carbonate of lime, like the echinites in the European chalk. Turtles* 
bones have been discovered in the accumulations, as also the remains of cyprsea and 
bulla. 

t Sand drifts are now in progress ; and Captain Nelson especially refers to one 
encroaching on the land,! and arising from works executed a few years since, by 
which a protecting vegetation was removed, and the wind acted on a sufficient area of 
free sand to work its destructive way into a more considerable mass. 
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sections of sandstone deposits formed beiMit water. 

Mg. 88. 
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d 

a, 6, c, Ordinary friable calcareous rock. 

«f, Recent loose deposit in front of the cliff. 

Having so much evidence of the elevation of coral reefs in 
various parts of the world, and seeing that depressions of ordinary 
rock-accumulations (to be hereafter noticed) have been effected, 
often on the large scale, also in various regions, it would be ex- 
pected that coral reefs, and even extended areas in wWch they 
occur, may in like manner have been subjected to the like move- 
ments. Mr. Darwin has very ably sustained this view, both as 
respects single coral reefs, and extended regions in which they 
may be found.* To account for barrier reefs and atolls, which 
have been produced by the subsidence of land, around which 
fringing coral reefs only were first attaclied, he gives the following 
illustration : — f 

Fig. 83. 



Let A, A, be the outer edges of fringing reefs, on two opposite 
sides of an Island L, at a sea-level, S, S ; B, B, shores of the 
island ; A', A', outer edges of the fringing reef, after its upper 
growth, during the gradual subsidence of the island L, by which 
the relative sea-level became transferred to S^ S'; then A B, 


* Darwin, Structure and Distribution of Coral Reefs, chap. vi. On the distribu- 
tion of coral reefs with reference to the theory of their formation. , o a, 

t In this section the two diagrams given by Mr. Darwin (Structure of Coral R^n, 
pp. 98 and 100), have, for convenience, been thrown into one, in other respects they 
are the same. As Mr. Darwin points out, the sections of the lagoons are exag- 
gerated. 
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WMJi lixe seetioAa of the lagoons inside baitier reels on each side of 
after ^subsidence, and B'B^thenewshoxes of the islands 
Should the gradual subsidence continuei so that the relative level 
>f the sea, as regards the island L, be changed to 8'' 8'', then the 
original island round which the corals first formed a fiinging belt, 
would be completely concealed, A'^ constituting the outer reefs 
of an atoll, and C its contained lagoon. In this manner the original 
mass of land, which might be a volcanic cone, or some modification 
of that form, would become encrusted by the remains of marine 
animals, or the detrital and chemical accumulations arising from 
such remains, including the faeces of the various reptiles, fish, crus- 
taceans, molluscs, and other marine creatures which i:ihabited the 
reefs and lagoons. This would be contained within a mcral crust, 
due chiefly to the work of the outer reef-making polyps ; this crust 
again covered, after a certain depth, by the ddbris of the reefs, 
broken away by breaker action, as the subsidence continued, and 
accumulated over the first formed reefs in the usual talus. With 
the exception of certain portions of tliis outside distribution of the 
d^ris from breaker action, there would be a general horizontal 
arrangement of the rest; even the crust of the outer reef exlii- 
biting, to a certain extent, this mode of accumulation. A large 
volume of calcareous matter, obtained by marine animals from the 
sea and their food, mingled with some terrestrial vegetable and 
animal matter, would be thus accumulated ; — and no small amount 
would be required to fill in, as it were, the space between the 
outer crust of the rising reefs tod the original land. 

Assuming the hypothesis good for the single case adduced, there 
would appear no difficulty in applying it to a variety of modifica- 
tions, arising either from the form of the original land, which may 
be either of small or considerable extent, mountainous or hilly in 
one part, and more level at others ; or from the altered and chang- 
ing arrangements of the surface distribution of land and water, at 
different times as the subsidence continued, being more sudden at 
one time than at another, or being interrupted by pauses of greater 
or less duration.* The Maldives are considered as affording a 
good example of the effects of the submergence of the land, after 
the first incrustation of its shores by the reef-making corals, so 
that a considerable fringing reef round a large island, like that of 
New Caledonia, became divided up into numerous rings of coral 

* The varied effects of submergence of coral reefs and islands will be found 
treated at length, and with reference to reefs and islands considered to bear out this 
view, in Mr. Darwin’s Structure of Coral Reefs, chapter v., entitled Theory of the 
Formation of the different Classes of Coral Reefs. 
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tion ;* ftnd Mr. Darwin oons^n it as an inatanee, m which the 
oorab of the main reei perished' before or duri^ A aubina^[eMe^ 
, now such that the great outer reef, instead of being within ^ 
break of the sea, is sunk from 5 to 10 frthoms beneath the sur&ce 
of the water, two or duee spots only rising into islets. As the 
depth of the outer reef does not appear such as to prevent re^- 
making corals from developing themselves, and as interior knolls 
present themselves at the same depth with luxuriantly-growing 
corals, there would appear some other reason than mere depth of 
water, with its consequences, preventing the establishment of more 
than a slight amoimt of living coral polyps on these reefi. Sup- 
posing the outer reef to have once flourished in the common manner, 
at and near the surface (and there are still two or three islets 
above water), perhaps the somewhat sudden submergence of an 
extended range of islets, thickly studded over the outer reef, with 
their vegetation and sands, would, for a long time at least, be very 
imfavourable to conditions well suited for the re-establishment of 
the upper reef-making corals. Wave and tidal action would tend 
to distribute and move about the sands over the sunk re<|| in a 
manner scarcely fitted to the habits of the upper reef-making coral 
polyps, or the firm establishment of their germs. 

With regard to the incrusting of islands by coral masses, 
including ^he accunmlations mechanically and chemically ob- 
tained from the stony matter, chiefly calcareous, secreted by the 


* “ The longest axis is ninety nautical miles, and another line drawn at right angles 
to the first, across the broadest part, is - seventy. The central part consists of a 
level, muddy flat, between forty and fifty fathoms deep, which is surrounded on 
all sides, with the exception of some breaches, by the steep edges of a set of 
banks, rudely arranged in a circle. These banks consist of sand, with a very 
little live coral ; they vary in breadth from five to twelve miles, and on an average 
lie about sixteen fathoms beneath the surface ; they are bordered by the steep edges 
of a third narrow and upper bank, which forms the rim of the whole. The rim is 
about a mile in width, and with the exception of two or three spots where Islets 
have been formed, is submerged between five and ten fathoms. It consists of 
smooth, hard rock, covered with a thin layer of sand, but with scarcely any live 
coral ; it is steep on both sides, and outwards slopes abruptly into un&thomable 
depths. At a distance of less than half a mile from one part, no bottom was found 
with 190 fathoms; and off another point, at a somewhat greater distance, there was 
none with 210 fathoms. Small steep-sided banks or knolls, covered with luxuriantly- 
growing coral, rise fVom the interior expanse to the same level with the external rim, 
which, as wo have seen, is formed only of dead rock.*’— Darwin, Structure and Dis- 
tribution of Coral Reefs, p. 39. 
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polyps and other marine creatures forming or inhabiting coral 
ree&, if we can have a growth and accumulation adjusted to the 
submergence,* ihe geolo^cal results would be such that upon 
agaim j^og elevated above the 8ea>level, has happened so 
weiilwith many regions during the lapse of geological time alter 
Submmgence), in areas such as that of the cordlian porticms of tiw 
Pamfb, numerous masses of calcareous accumidations would, 
present themsdves, often, perhaps, corresponding in general 
character at equal, or nearly equal levels, and having the appear* 
ance of being the remains of limestone deposits, once continuous, 
though in reality they had never been united. If the Cape de 
Verde Islands, the Canaries, and the Azores, were to be incrusted 
widi coral reefs, and be gradually depressed beneath the level of 
the sea, so that the reefs and the consequent accumulations inwards 
could be adjusted to the rate of submergence, and were again 
raised above the sea (as at least some of them would appear to 
have been, since notwithstanding their general igneous character, 
sea-bottoms and shores around them, of the more recent geological 
times, termed the tertiary, are uplifted), these fallacious appear- 
ances would be very marked.t 

The observer would readily expect to find, in regions where 
coral reefs abound, and volcanos are now, or have been active 
diuri^ their formation, that there are occasional mixtures of 
igneous products with the coral accumulations. In Mr. Beete 
Jukes’ accoimt of the Great Barrier Beefs of Australia, he 
mentions mingled substances of this kind at Murray and Erroob 


* If the submergence were so rapid that the growth, and consequent accumulations 
inside the reefs did not become adjusted to it, and supposing the reef-making corals 
only able to flourish in certain minor depths, it is obvious that the reefs could not 
increase upwards, but remain beneath like any mass of inorganic matter, the reef- 
making polyps perishing. 

With respect to the rate of growth of reef-making corals, the evidence is at present 
somewhat uncertain and contradictory. Some contend that the growth is very slight, 
reefs having been known in their present state for a long time ; while others consider 
their increase as more rapid. There is evidently a want of more information on this 
subject, especially as respects the conditions under which the appearances supporting 
these different views may have been caused. 

f There are suddenly very considerable depths around the Cape de Verde 
Islands. Even in the channel between Sal and Bonavista, a line of 232 fathoms 
found no bottom. The same with the Canaries. There is no bottom at 309 fathoms 
close*on the north of Palma. The like with Madeira, off the west end of which a line 
of 280 fathoms does not reach the bottom. Very deep water surrounds the various 
islands of the Azores. There is a depth of 300 fathoms close on the south of Santa 
Maria, and no bottom with 320 fathoms of line between that island and the Formigas, 
on the north-east. Around Pico, Fayal, San Jorgo, and Terceira, there are depths of 
200 and 300 fathoms near the land ; and there is very deep water around Flores, the 
most western isle. 
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Islands, wHerc beds are found contmmng vanable portions of 
tiachytic lava and calcareous rocb, some of the lumps of lava and 
limestone being apparently rounded attrition. Tlim» are 4 bo 
beds of yolcanio arii, mr sa^, in which calcareous gains (ue dis- 
persed. InEtxoob, igneous rocks cover the sKompaies andctni- 
glomer^. In this.r^on, also, pum^^^WoiiE. jnpp^ to have 
been at one rime much drifted abmit, ssisi^ ^ ^ fioin 
volcanic eruptions in directions whence a pOrtitm of riiu li^ 
substance could be driven by pre'olent win^ and currents. It 
seems to have become mingled with the coral deposits. Porrions 
of it are embedded in the coral rock of Paine’s Islet, and are 
frequent in the coral conglomerate on the north-east coast of 
Australia.* Captain Wilkes describesf portions of vericular lava 
as found among blocks of coral conglomerate at Bose Island, a 
small and low coral island, forming riie most eastern of the Samoan 
group. We should expect many mixtures of volcanic rocks with 
coral sands and pebbles on the laches of volcanic islands, fringed 
by coral reefs, as appears often to be the case, and also an occa- 
sional overflow of lava on reefi adjoining land liable to volcanic 
eruptions.^: 


* Beete Jukes, Narrative of the Voyage of the “ Fly.” He describes flats of coral 
conglomerate, half a mile wide, as frequent along shore on the N.£. coast of Australia. 
Upon all these flats, and about ten feet above high-water, there is an abundance of 
pumice pebbles. They occur on the east coast of Australia, under similar conditions, 
for 2000 miles ; are rarely seen on the present beach, or found floating at sea ; and 
Mr. Beete Jukes infers, that this proves either the stationary character of the coast, 
or that it has been equally affected, for this distance, by elevation or depression. He 
allows for the piling action of the breakers, and considers it as not improbable that 
the coast has bqpn slightly elevated, or, at least, has not suffered any depression through 
a long lapse of time. 

f United States’ Exploring Expedition, vol. ii., p. 64. 

t A coral bed, ten feet thick, is stat^ to occur between two lava streams at 
the Isle of France ; the coral bed elevated, since its formation, above the level of 
the sea. 




CHAPTER XIL 

TRANSPORT OF MINERAL MATTER BY ICE. — HEIGHT OF SNi>W-LINE. — GLA- 
CIERS, — CAUSE OF THE MOVEMENT OF GLACIERS. — GL.. MKR MORAINES. 
MOTION OF GLACIERS, — GROOVING OP ROCKS BY GLACIERS. — ADVANCE 
AND RETREAT OF GLACIERS. — GLACIERS OF THE HIMALAYA. 

Very considerable attention has, of late years, been directed to 
the Influence of Ice in the distribution of detritus, both upon 
dry land and over the bottom of the sea, and to the mechanical 
effects ice may produce on hard rocks, or loose accumulations, 
on or against which It may move or be thrown, upon the land or 
beneath the sea. 

We observe the influence of the sun’s heat to be now such 
(whatever view may be taken of any supposed heat in the body of 
the earth itself, sufficient in previous times, to prevent the forma- 
tion of ice on its surface), that the cold of the planetary space, as it 
has been termed, so acts upon the earth, that it is, as it were, 
encased in a comparatively thin warmer space, outside which, 
water remains permanently solid ; this space having spheroidal 
form somewhat more oblate than the sea-level, so that, at the 
equator, there is a difference of from 16,000 to 17,000 feet between 
the two, and that it joins that level in the Arctic and Antarctic 
regions. Above this, it is inferred that the temperature continues 
to decrease in the atmosphere until, finally, that of the planetary 
space alone prevails.* 

Taking thus the heat derived from the sun as so influencing the 
present surface temperature of the earth, that the cold of the 
planetary space does not render the waters solid over the whole 
face^ of the world, we should, from the conditions under which this 
heat could prevail, anticipate many minor modifications in its 


♦ Fourier inferred that the temperature of the planetary space was -50° centi- 
grade (58° Fahr.), and Svanberg held it was -49° *85 centigrade, employing another 
method. Observing this near approach to the result given by Fourier, the latter 
calculated the temperature according to Lambert's statements, and obtained -50° *35. 
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action.* These would arise &om its diffeient abaoT^ba and 
radiation aocerdis^ as it fell upon land or waters and hi di|hrait 
latitudes; feont varied relief and obaactil^ df. laiid»'Si^ its 
intennixtufe wife suifece waten; fennfee vaaarioa^iua imlM 
as to depths, and fee motion of some portions i:!* sddier 

to hotter i^ons, or the reverse; fee movement of fee 
atmosphere and its varied conditions; and from fee periodical 
' change in the position of portions of the earth's surfeoe, according 
as one hemisphere or fee other becomes most exposed to fee influ- 
ence of the sun. 

Numerous observations have shown fee exact regularity of the 
space, in which water commonly remains liquid, to be much 
disturbed by fee modifications noticed ; so that, for all fee purposes 
required by fee animals and vegetables of oiur planet, certain 
regions are rendered habitable which would otherwise scarcely 
support life. A very marked instance of this kind is found on fee 
north flank of the Himalaya, where the perpetual snow-line, as it 
is termed, is, from a combination of physical conditions, more 
elevated by 1500 or 2000 feet than on the southern side of the 
same great range of mountains, t Minor modifications of the same 
kind are abun^nt, as also from the influence of great surfiices 
occupied by the sea, and from prevalent winds sweeping over it 
and reaching land ; thus producing marked elevations of fee general 
temperature above that at which ice would be common. 

To obtain the snow reposing on the regions or elevated moun- 
tains, piercing through the space above noticed into those portions 
of our atmosphere where the temperature is such that snow more 
or less encftists them during the whole of the various climatal 
changes of the year, we have to infer evaporation from the land and 
water, modified according to their various states, surfaces, and 


* Respecting the temperature of our atmosphere, M. Arago has remarked, (Ann. 
de Phys. et de Ghim., tom. 27,) that, “ 1st, in no part of earth on land will a ther- 
mometer, raised from two to three metres (6*5 to 10 English feet) above the ground, 
and protected from all reverberation, attain 46® centigrade (114° *8 Fahr.) ; 2ndly, 
in the open sea, the temperature of the air, whatever be the place and season, never 
attains 31° centigrade (87° *8 Fahr.); Srdly*, the greatest degree of cold which has 
ever been observed upon our globe, with the thermometer suspended in the air, does 
not descend 50° centigrade below zero (58° Fahr.).” To this he adds, ** 4thly, the tem- 
, perature of the water of the’ sea, in no latitude, and in no season, rises above 30° cen- 
tigrade (86°. Fahr.).” 

t With reference to the snow-line on the northern flank of the Himalaya, 
Hooker states- (letter to Sir William Hooker, dated Tongu, N.E. Sikkim, altitude 
13,500 feet, July 25, 1849), “ that the snow-line, in Sikkim, lies on the Indian side of 
the Himalayan range nt below 15,000 feet; on the Thibetan (northern) slope, at about 
16,000 feet.” 
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localities, sufficient to afford the needful falls of water in this 
form.* 

From the polar regions, where we find such a great amount of 
climatal change, that the influence of the sun, as far as it can be 
there experienced, is uninterrupted, or nearly so, during one-half 
of the year, and unfelt during the remainder, to the tropical regions, 
where portions of mountain masses may rise so high into the atmo- 
sphere as to support a covering of snow, there are necessarily great 
variations of temperature, the latter becoming less changeable, as a 
whole, in the equatorial portions of the earth. 

When attention is directed to the effects arising from these 
variations of temperature, it is found that the production of glaciers 

* Experiments do not seem to give the temperature at which the evaporation of 
snow or water ceases, so that while a limit may be inferred for this evaporation at 
some height to which parts of a mountain-chain might be elevated, it might readily 
happen that there are none such on the face of our planet, the vapour of water always 
mixing with the gases of the atmosphere up to all the heights in it to which parts of 
the earth’s surface have been protruded. 

Humboldt (Fragmens Asiatiques, p. 549) has given the following table of the snow- 
line on certain mountain ranges : — 


Mountains. 

Latitude. 

Hei((ht above 
the Sea. 

Cordillera of Quito . . 

0° to IJO 8. 

English Feet. 
15,730 

Bolivia . 

16® ,, 171® S, 

17,070 

Mexico . 

Himalaya: — 

Northern Flank . • 

19° ,, 19i°N. 

301° ,, 31° N. 

15,020 

16,620 

Southern Flank . . 


12,470 

Pyrenees ..... 

42J® ,,43° N. 

8,950 

Caucasus 

42J® ,,43® N. 

10,870 

Alps ...... 

45|® ,,46® N. 

8,760 

Carpathians .... 

49^ ,,49i®Nf 
49® ,, 51® N. 

8,500, 

Altai . . . . . . 

6,400 

Norway ..... 
Interior .... 

61® ,, 62® N. 

5,400 

, , .... 

67® ,, 67t®N. 

3,800 

, , .... 

70® ,, 7(A®N. 

3,500 

Coeut ..... 

71® ,, 71J®N. 

2,340 


To these may be added the following observations : — 


Locality. 

Latitude. 

Height above 
the Sea. 

Authority. 

Bolivia ..... 
Cordillera of Chili . . 

Chiloe 

Tierra del Fuego . . 

Kamtschatka . • . 

Baren Island. . . . 

16® to 18® S. 
33® S. 

40® to 43® S. 

54® S. 

67® N. 

74® 30' N. 

English Feet. 
16,263 
14,. 500 
6,000 
3,750 
5,808 

590 

Pentland. 

Gillies. 

Fitzroy. 

King. 

Erman. 

Durocher. 


M. Durocher (Memoire sur la limite des neiges perpdtuelles. Voyage de la 
Recherche, 1845) places the line of perpetual snow in the Arctic Ocean In 78® N. ; so 
that, at Spitzbergen (N.W, coast), it descends to the level of the sea. 
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stands somewhat prominently forward among those which have a 
geological bearing. In the Alps, Europeans have been long 
familiar with the elongated masses of ice, so called, descending 
from the regions of snows, through ravines and rocky depressions 
of various forms, even into fertile valleys, where ripening crops and 
ice may be almost in contact under the heats of summer and autumn, 
in latitudes ranging from 44° to 47^. De Saussure, though not the 
first to examine them, by the charm of his writings, directed no 
little attention to glaciers, and to the effects produced by them. 
Other authors have, at various times, since described them; and, 
among those of late years, M. Charpentier* and M. Agassizf have 
written much in support of a particular h 3 rpothesis as to the mode 
in which these masses of ice moved outwards from the mountain 
heights whence they originated, and as to their former more con- 
siderable range and extension than at present, pointing to many 
circumstances connected with this subject, and of geological value, 
though the hypothesis itself may not be adopted. 

The progress of researches respecting glaciers and their geological 
effects, affords a fair example of the necessity of careful observation 
in a right direction ; so many assertions connected with the mode 
of occurrence and advance of these masses of ice, upon which 
hypotheses were based, having been found, upon actual investiga- 
tion, unsupported by facts. Though this has been the case, many 
observations have, from time to time, been recorded, which have 
borne the test of careful investigation ; and no one would appear 
more desirous of admitting the value and importance of real 
additions to our information on this subject, than Professor James 
Forbes, t# whom so tnuch of our present knowledge of the Alpine 
glaciers is due.J 

A glacier commences near the line of perpetual snow, but lower 
somewhat than that on the adjacent ground. There is often a 
passage, nearly insensible, from perfect snow to perfect ice; at other 
times, the level of the superficid snow is well marked, and the. ice 
occurs beneath it. No doubt the transition is effected in this way : 
— the summer’s thaw percolates the snow to a great depth with 
water ; the frost of the succeeding winter penetrates far enough to 


* “ Essai 9ur les Glaciers et sur le Terrain Erratique du Bassin du Rhone,” 1841. 
Lausanne. 

t “ Etudes sut lea Glaciers,” 1840. Neuchntel. 

I See his Travels through the Alps of Savoy and parts of the Pennine Chain, with 
observations on the Phenomena of Glaciers, 3nd edit., Edinburgh, 1845; and his 
papers printed in the Philosophical Transoctions, for 1846. 

P 
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free2» it at least to the tibickn^ of one yearns fall, or, by being 
repeated in two or more years, consolidates it more effectually.”* * * § 
The part of a glacier, where the surface begins to be annually 
renewed by the unmelted accumulation of each winter, is commonly 
known as ndvS, and true stratification has been here recognized by 
De Saussure and other writers. Professor Forbes agrees with M. 
de Charpentierf in thinking that this stratification becomes entirely 
obliterated as the nSvS passes into complete ice.J The crevasses, 
or great fissures, in the are considered to differ from those 
lower down the glacier in their greater width and irregularity, and 
the caverns in it to be more extensive and singular in their forms, 
from the greater facility with which the is thawed and water- 
worn. 

Further down the valley, or ravine, in which the glacier finds 
its way, much will necessarily depend, as to the form and appear- 
ance of the latter, upon the general character of the ground tra- 
veled. The ice changes its character : it is not like that produced 
by the freezing of stiU water in the lake, but ‘‘ laminae, or thin 
plates of compact transparent blue ice, alternate, in most parts of 
every glacier, with laminae of ice not less hard and perfect, but 
filled with countless air-bubbles, which give it a frothy semi-opaque 
look.” The alternation of bands, then, is marked by blue and 
greenish-blue or white curves, which are seen to traverse the ice 
throughout its thickness whenever a section is made. It is, there- 
fore, no external accident — it is the internal structure of a glacier, 
and the only one which it possesses, and may be expected to throw 
light upon the circumstances and formation of these masses.”§ 


* Forbes’ Travels through the Alps of Savoy, 2nd edit., p. 31. 

f For his views respecting glaciers, consult M. de Charpentier^s Essai sur les 
Glaciers et sur le Terrain Erratique du Bassin du Rhone. Lausanne, 1841. 

t ^‘The granulated structure of the n^ve is accompanied with the dull white of 
snow passing into a greenish tinge, but rarely, if ever, does it exhibit the transparency 
and hue of the proper glacier. The deeper parts are more perfectly congealed, and 
the bands of ice, which often alternate with the hardened snow, are probably due to 
the effect of thaw succeeding the winter coating, or any extraordinary fall. On 
exposed summits, where the action of the sun and the elements is greater, the snow 
does not lie so long in a powdery state, and the exposed surface becomes completely 
frozen.” Forbes’ Travels through the Alps, &c., 2nd edit., p. 32. 

§ Forbes’ Travels through the Alps, &c., 2nd edit., p. 28. It is remarked, respect- 
ing this structure, that it is the consequence of the viscous condition of the mass and 
its movement. It is observed that it ** has all the appearance of being due to the 
formation of fissures in the aerated ice or consolidated n^vd, which fissures having 
been filled with water drained from the glacier, and frozen during winter, have pro- 
duced the compact blue bands ” (p. 372). Professor Forbes considers, that, as the 
viscous mass moves onward, the central parts faster than the sides, these fissures, 

filled with ice, take a more horizontal position in the general mass, with such modi- 
fications as may be expected on the sides and bottom where the fHction is greatest, 
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Below the the glacier conimonly'finds its way, amid varietitf 
depressions of different forms, to the lower ground, far beneath the 
line which marks ihe usually constant presence of snow throughout 
the year. The accompanying view (fig. 84, p. 212) of Mont Blanc, 
taken from the Brdven, a mountain rising high above the valley of 
Chamonix, which separates the Brdven firom the Mont Blanc, will 
give a better idea of the passage of the glaciers downwards into the 
lower valley, than a verbal description, and more especially as the 
altitude and position of the Brdven itself prevents that foreshortening 
and less instructive view obtained from beneath. 

As the great icy mass descends from the region of the niv4 to 
the lower ground, the crevoBses vary much in length and breadth, 
sometimes extending across the whole glacier,* and this, as might 
be expected, according to the character of the surface on which it 
may repose. As it descends into warmer regions, the glacier is 
necessarily exposed to the influence of higher temperature, and if 
it did not obtain the needful supply from above, it would there 
diminish in bulk and disappear. As this supply varies, the 
extension of a glacier will correspond with the kind of seasons 
experienced, so that it may descend further into the lower valleys 
at one time than another ;f and thus its actual amount of protru- 
sion into a valley may depend, for the time, upon effects produced 
through many seasons, and be liable to frequent change. 

accompanying his remarks by ideal sections of glaciers and real sections of viscous 
bodies experimented upon for illustration. He observes, ** that this ribboned structure 
follows a very peculiar course in the interior of the ice, of which the general type is 
the appearance of a succession of oval waves on the surface, passing into hyperbolas, 
with the greater axis dire^ed along the glacier. That this structure is also developed 
throughout ^e thickness of a glacier, as well as from the centre to the side, and that 
the structural surfaces are twisted round in such a manner, that the frontal dip, as we 
have called it, of the veins, as exhibited on a vertical plane cutting the axis of a 
glacier, occurs at a small angle at its lower extremity, and increases rapidly as we 
advance towards the origin of the glacier” (p. 372). 

* In the account of his passage over the Col de Gcant, Professor Forbes mentions 
an immense chasm or crevasse, extending wholly across a glacier in the descent on 
the Chamonix side, and at least 500 feet in width. ** It terminated opposite to the 
precipices of the Aiguille lioire in one vast enfoncement of ice, bounded on the hither 
side by precipices not less terrible.” Travels through the Alps &c., p. 238. 

t Among the numerous examples of the varied extension and volume of glaciers 
known in modem times, there would appear none more illustrative than that of the 
Brenva, on the Italian side of Mont Blanc. In 1818 it attained a height different 
from that found by Professor Forbes, in 1842, of at least 300 feet, as proved by that 
of a rock, upon which a well-known chapel (Chapelle de Berrier) was placed, which, 
with the rock on which it stood, was heaved and fissured by the rise of the i<^. This 
great increase of volume, and its decrease in the 24 years, is well attested. The 
Professor remarks, that the mean temperature for the five years preceding 1818, when 
the glacier was thus of such increased volume, presented no marked change, the mean 
temperature at Geneva being for that time 7^*61, Reaumur (49^* 12 Fahr.) ; the mean 
forthela8t40 years, in the same town, being 7^* 75 (49^* 44 Fahr.)— Travels, he., 
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freeze it at least to tke tbiokn^ of one year’s &ll or» by being 
rep^^mtwooi more years, od|itoUda^ it nioie effeotjdtty/’* 
The part of a glacier, wbi^i^ ^0 sut&ee b^ns to be ani^ly 
renewed by the unmelted aeeuttiulalion of each winter, is oommonly 
known as nio4, and true stratification has been here recognized by 
De Saussure and other writers. Professor Forbes agrees with M. 
de Charpentierf in thinking that this stratification becomes entirely 
obliterated as the n6v4 passes into complete ice4 The ersvasses, 
or great fissures, in the nivS are considered to differ from those 
lower down the glacier in their greater width and irregularity, and 
the caverns in it to be more extensive and singular in their forms, 
from the greater facility with which the rib'll is thawed and water- 
worn. 

Further down the valley, or ravine, in which the giiwcier finds 
its way, much will necessarily depend, as to the form and appear- 
ance of the latter, upon the general character of the ground tra- 
versed. The ice changes its character : it is not like that produced 
by the freezing of still water in the lake, but laminas, or thin 
plates of compact transparent blue ice, alternate, in most parts of 
every glacier, with laminae of ice not less hard and perfect, but 
filled with countless air-bubbles, which give it a frothy semi-opaque 
look.” The alteniation of bands, then, is marked by blue and 
greenish-blue or white curves, which arc seen to traverse the ice 
throughout its thickness whenever a section is made. It is, there- 
fore, no external accident — it is the internal structure of a glacier, 
and the only one which it possesses, and may be expected to throw 
light upon the circumstances and formation of these masses.”§ 

' " ■ ■ — ' r- — 

* Forbes* Travels through the Alps of Savoy, 2nd edit., p. 31. 

f For his views respecting glaciers, consult M. de Charpentier*s Essai sur les 
Glaciers et sur le Terrain Erratique du Bassin du Rhone. Lausanne, 1841. 

I “The granulated structure of the neve is accompanied with the dull white of 
snow passing into a greenish tinge, but rarely, if ever, does it exhibit the transparency 
and hue of the proper glacier. The deeper parts are more perfectly congealed, and 
the bands of ice, which often alternate with the hardened snow, are probably due to 
the effect of thaw succeeding the winter coating, or any extraordinary fall. On 
exposed summits, where the action of the sun and the elements is greater, the snow 
does not lie so long in a powdery state, and the exposed surface becomes completely 
frozen.” Forbes’ Travels through the Alps, &c., 2nd edit., p. 32. 

§ Forbes’ Travels through the Alps, &o., 2nd edit., p. 28. It is remarked, respect- 
ing this structure, that it is the consequence of the viscous condition of the mass and 
its movement. It is observed that it ** has all the appearance of being due to the 
formation *of fissures in the aerated ice or consolidated n^vd, which fissures having 
been filled with water drained from the glacier, and frozen during winter, have pro- 
duced the compact blue bands ” (p. 372). Professor Forbes considers, that, as the 
viscous mass moves onward, the central parts faster than the sides, these fissures, 
filled with ice, take a more horizontal position in the general mass, with such modi- 
fications as may be expected on the sides and bottom where the faction is greatest, 
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Below the nM, the glacier coAmonly finds its wa^r, ai^ vmadiii 
£>1(9)8, to r ’ • - . - - 

line wh 

the year. The accompanying view (fig. < 
taken from the Eleven, a mountain rising hi^ ebore the vall^ of 
Chamonix, which separatee the Br^ven from the Mont Blanc, will 
give a better idea of the passage of the glaoiets downwards into the 
lower valley, than a verbal description, and more espedally as the 
altitude and position of the Btdven itself prevents that foreshortening 
and less instructive view obtained from beneath. 

As the great icy mass descends from the region of the nhS to 
the lower ground, the eremm vary much in length and breadth, 
sometimes extending across the whole glamer,* and this, as might 
be expected, according to the character of the sur&ce on which it 
may repose. As it descends into warmer regions, the glacier is 
necessarily exposed to the influence of higher temperature, and if 
it did not obtain the needful supply from above, it would there 
diminish in bulk and disappear. As this supply varies, the 
extension of a glacier will correspond with the kind of seasons 
experienced, so that it may descend further into the lower vaUeys 
at one time than another ;t and thus its actual amount of protru- 
sion into a valley may depend, for the time, upon effects produced 
through many seasons, and be liable to frequent change. 


accompanying his remarks by ideal sections of glaciers and real sections of viscous 
bodies experimented upon for illustration. He observes, ** that this ribboned structure 
follows a very peculiar course in the interior of the ice, of which the general type is 
the appearance of a succession of oval waves on the surface, passing into hyperbolas, 
with the greater axis dire^ed along the glacier. That this structure is also developed 
throughout ^e thickness of a glacier, as well as from the centre to the side, and that 
the structural surfaces are twisted round in such a manner, that ihefrcnUU dip^ as we 
have called it, of the veins, as exhibited on a vertical plane cutting the axis of a 
glacier, occurs at a small angle at its lower extremity, and increases rapidly as we 
advance towards the origin of the glacier” (p. 372). 

* In the account of his passage over the ^l de Geant, Professor Forbes mentions 
an immense chasm or crevasse, extending wholly across a glacier in the descent on 
the Chamonix side, and at least 500 feet in width. *^lt terminated opposite to the 
precipices of the Aiguille Noire in one vast enfimeemmt of ice, bounded on the hither 
side by precipices not less terrible.” Travels through the Alps &c., p. 238. 

t Among the numerous examples of the varied extension and volume of glaciers 
known in modem times, there would appear none more illustrative than that of the 
Brenva, on the Italian side of Mont Blanc. In 1818 it attained a height different 
from that found by Professor Forbes, in 1842, of at least 300 feet, as proved by that 
of a rock, upon which a well-known chapel (Chapelle de Berrier) was placed, which, 
with the rock on which it stood, was heaved and fissured by the rise of the ice. This 
great increase of volume, and its decrease in the 24 years, is well attested. The 
Professor remarks, that the meim temperature for the five years preceding 1818, when 
the glacier was thus of such increased volume, presented no marked change, the mean 
temperature at Geneva being for that time 7^*61, Reaumur (499* 12 Fahr.) ; the mean 
for the last 40 years, in the same town, being 7®* 75 (49°* 44 Fahr.)— Travel B? 205. . 
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The turbid wftteis, rushing oa% from ben4ih 
Alps will be familiar to all who have viated 
also the cav^ of ice through which these waters commonly ixA 
their way when they are most abundant. With respect to such 
waters, Professor Forbes has pointed out that they may not only be 
due to the ice melted by contact with the rocks on which it moveSj 
to the fall of rain upon the ice drained by the glacier valley, in 
the season when rain falls, and to the waste of the glacier itseli 
by the sun and rain, but also to the natural springs rising fion 
beneath the ice, as in any other locality.* * * § 

With respect to the cause producing the motion of glaciers 
different views have been taken :f Professor James Forbes con- 
siders it as “ convincingly proved,^ that the motion of a glaciei 
varies not only from one season to another, but that it has definit< 
(though continuous) changes of motion, simultaneous throughoui 
the whole, or a great part of its extent, and therefore due to some 
general external change,” and that “ this change has been showr 
to be principally or solely the effect of the temperature of the air. 
and the conditions of wetness or dryness of the ice.”§ Wit! 
regard to the movement itself, the Professor has pointed out ‘^thai 
the ice does not move as a solid body, — that it does not slide dowi 
with uniformity in different parts of its section, — that the sides 
which might be imagined to be most completely detached fron 
their rocky walls during summer, move slowest, and are, as it were 



* With respect to the waste of the glacier by the sun and rain, Professor Forbe 
remarks, that it is a most important item, and which constitutes the main volum 
of most gladler streams, except in the depth of winter. It is on this account that fh 
Rhine and other great rivers, derived from Alpine sources, have their greatest flood 
in July, and not in spring or autumn, as would be the case if they were alimented b 
rain-water only. On the same account, the mountain torrents may be seen to swel 
visibly, and roar more loudly, as the hotter part of the day advances, to diminis 
towards evening, and in the morning to be smallest.” ** Winter is a long nigl 
amongst the glaciers. The sun’s rays have scarcely power to melt a little of th 
snowy coating which defends the proper surface of the ice ; the superficial waste I 
next to nothing, and the glacier torrent is reduced to its narrowest dimensions.”- 
Travels through the Alps of Savoy, &c., 2nd edit., pp. 20, 21. 

t The chief of these views will be found in the works of MM. de Saussore, D 
Charpentier, Agassiz, Elie de Beaumont, Mr. William Hopkins, and of Frofessc 
James Forbes. In the latter they wiirbe seen discussed in much detail, and tk 
Professor’s own views advocated, especially in his Travels through the Alps < 
Savoy, &c., in chap. xxi. (entitled ** An attempt to explain the leading Phenomena < 
Glaciers”), and in his papers entitled ** Illustrations of the Viscous Theory,” pu1 
lished in the Philosophical Transactions for 1846. A very detailed account of tt 
works and views respecting glaciers will also be found in the Histoire des Progi^ d 
la Geologic, de 1834-1845, by tlie Vicomte d’Archioc, Paris, 1847. 

X Travels through the Alps of Savoy, &c., and alluding to chap. vii. 

§ Ib., chap, xxi., p. 363. 



214 


MOVEMENT OF GLACIEGS. 


[Cii. XII. 


draped down by the central parts.” * His theory is, that “ a 
glacier is an imperfect fluid, or a viscous body, which is urged 
down slopes of a certain melination by the mutual pressure of its 
He does not, however, “doubt that gladen on 
t^ir as well as that the pai^des of ice rub over one ano&er, 
ahd chaOge thdr mutual positbns.” ^ 

The movement of glaciers is important as regards the transport 
of mineral substances, inasmuch as by it they bear onwards upofi 
their surfaces any fragments of rock that may fall upon them from 
the heights amid which they pass; thrust before them any loose 
accumulations of blocks, gravel, sand, and earth which may oppose 
their course, and even break off portions of rocks where the re- 
sistance of the latter is less than the force of the glacier, divisional 
planes, such as joints and cleavage, with the natural bedding of 
rocks, often rendering the mass of such rocks less resistant than it 
would otherwise be. The observer, accustomed often to see the 
steep cliffs of many a moimtain region covered towards their bases 

* Travels through the Alps of Savoy, &o. chap. xxi. p. 363. As to the di^Tcrent 
rates of motion of a glacier, it is observed that a glacier, like a stream, has its 
still pools and its rapids. Where it is embayed by rocks it accumulates—tVs declivity 
diminishes^ and its velocity ^ at the same time. When it passes down a steep, or issues 
by a narrow outlet, its velocity increases. The central velocities of lower, middle, 
and higher regions of the Mer de Glace are— 1*398, *574, and *925; and if we 
divide the length of the glacier into three parts, we shall find these numbers for its 
declivity, 15°, 4J°, and 8°.— Forbes’ Travels, &c., p. 371. 

t Ib., p. 365. It would be shmewhat out of place in this work to enter more fully 
into the theory of glacier movements. Respecting the theory of the viscous condition 
of a glacier, Professor Forbes alludes to its spreading as a viscous body would do 
when a glacier passes out of a narrow gorge into a wide valley, stating that this fact 
had been first brought prominently forward by M. Rendi^ now Bishop of Annecy 
(Travels, p. 367.) M. Rendu (Thcorie des Glaciers de la Savoie, Chambery, 1840) 
divides glaciers into glaciers reservoirs and glaciers (Te'coulement, the former in the high 
regions, and the latter descending into the lower valleys. lie estimates the height of 
the separation between the two in Savoy at 2,923 metres (9,590 English feet). Ho 
pfunts to the accumulation of snow in the higher regions, the rain, when it falls there 
freezing, and to the feeding of the lower glaciers by the descent of this snow and ice! 

I “ But,” he adds, “ I maintain that the former motion is caused by the latter, and 
that the motion impressed by gravity upon the superficial and central parts of a glacier 
(especially near its lower end), enables them to pull the lateral and inferior parts 
along with them. One proof, if I mistake not, of such an action is, that a deep cur- 
rent of water flows under a smaller declivity than a shallow one of the same fluid. 
And this consideration derives no slight confirmation, in its application to glaciers 
from a circumstance mentioned by M. Elie de Beaumont, which is so true that one 
wonders that it has not been more insisted on— namely, that a glacier where it 
descends into a valley, is like a body, pulled asunder or stretched, and not a body 
forced on by superior pressure alone” (p. 370). In a note to this passage, the Professor 
remarks, “ that a state of universal distension, or a state of universal compression, 
is equally incompatible with the existing phenomena of most glaciers, and that com- 
pression in some parts and distension in others are plainly indicated by their natural 
features.” 
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by the d^ris detached by atmospheric influences from above^ 
and especially in climates or regions where frosts and thaws 
often dtemate, would readily expect these fragments to mcwe 
onwards widi the glacier on ^he edges of which Ihey may 
Instead) therefore) of a tihss of 

well studied in many mountainous re^ons, the mass of fiEagmenht 
moves slowly onwards, and the protection fimn atmospheric 
influences afforded by this talus to the soUd rocks be^th it (m 
some mountain countries collectively very considerable), is removed 
precisely in localities where the vicissitudes of climate are often so 
great that it can be the least spared. 

The blocks and smaller fragments (necessarily very variable in 
form and volume, according to the character of the overhangmg 
rocks, and the amount of their decomposition anterior to their 
fall), thus strewed upon the glaciers, are well known as maraines.l! 
These moraines also necessarily differ in general volume, according 
to the amount of matter which may be detached from the heights 
above the glacier, and the rate of movement of the glacier itself on 
the sides adjoining the sources of the detached ftagments. Two 
lines of moraine will mark the edges of a glacier, should the heights 
on either side of it afford the needful supply, as also a mass of rock 
rising through a glacier, should it also afford fragments, as has been 
pointed out by Professor Forbes. When two or more streams of 
glaciers unite, each bearing its two, or even as we have seen, three 
lines of rock fragments, the union will so dispose of the lines as to 
form a less number for the remaining course of the glacier, as in 
fig. 85, vhere the glaciers coming down the valleys A and B, and 
uniting the four moraines, two on the sides of each glacier, become 
three (a), (J), (c), by the union of the lateral n4||dnes 2 and 3 into 
a central moraine (b). Various other unions, easily imagined, are 
produced, as minor contribute to main glaciers. A great central 
moraine may be established by the junction of two long lines of 
glacier sides, unbroken for a considerable distance, and upon which 


* The debris on mountain sides often completely masks their character as left 
anterior to such coverings. There are few mountainous regions which do not show 
this when carefully examined. Mining operations often prove it on the sides of hills. 
Ravines, where ravines may not be uncommon, are usually favourable for observa- 
tions of this kind; as, for example, many instances are found in Derbyshire, where 
the faces of steep cll& are often modified in this manner, the long-continued action 
of atmospheric influences having smoothed off many a precipitous hill side, where the 
same effects may be seen in daily progress. This action has greatly modified the fiice 
of most countries, especially when combined with landslips. 

t This name has become common with us from the works of De Saussure and others 
writing in French. Guffer is the German term for them. 
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a great fall of Iragmcnts may take place, while the opposite sides 
may be marked with slighter lines of moraine, derived Iroin tribu- 
taries receiving a less amount of fragments. 

Fig. 85. 



The following view (fig. 86), representing the upper part of the 
glacier of the Aar,* well ^ows the lines of moraine coming down 
from the glacier of the Finsteraarhom, on the left, and from that 

Fig. 86. 



of the Lauteraarliorncr, on the right. It also illustrates the form- 
ation of a single line of moraine in the centre, by the union of the 

Reduced from a view in the l^tudes sur Ics Glaciers by Agassiz. Neuchatol, 
1840. 
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two lateral moraines of the glaciers above noticed. Examples are 
also seen of the mushroom-like appearance produced by the unequal 
melting of the surface of a glacier, so that protection being afforded, 
as long since pointed out by Dc Saussure, by a block of rock 
(particularly if it has so fallen on the glacier as to rest in a tabular 
manner), the ice beneath has not disappeared so rapidly as around 
it, and thus the block is raised upon a stem of ice. Some of the 
blocks thus supported are very ^ge.* It is, in the sme manner, 
to the protection the sun and mn affind^ to the beneath 
by the mass of the moraine, that it often risoa above the ioe^f 
The following viewf (fig. 87, p. 2i8), of the upper part of the 
glacier of Zermatt, also shows the effects produced, as regai^ mo- 
raines, by the union of glaciers. On the left, the lines of moraine are 

derived from the glacier of Monte Rosa and of the Gomerhom, 
with the lateral moraine of the foot of the Eiffelhom and the great 
moraine of the Breithom. On the right are the glaciers of the 
Little Cervin and of the Furke-flue. The crevasses across the 
united glaciers are well exhibited in front, as also the rise of the 
ice above the side of the glacier, showing that the blocks and other 
rock fragments, there borne onwards, would have a tendency to fall 
over and accumulate in a lateral moraine, off the ice, and upon the 
adjoining lower ground. 

If the rate of movement of a glacier depends upon the slope and 

* A large one, observed by Professor Forbes in 1842, is represented in his Travels 
through the Alps, &c., pi, 1, and he gives the following instructive account of it:~ 
“ There lies on the ice a very remarkable flat block of granite, which particularly at- 
tracted my attention on my first visit in 1842 to that part of the glacier. It is a mag- 
nifleent slab^of the dime^ions of 23 feet by 17, and about 3i in thickness. It was 
then easily accessible, and by climbing upon it and erecting my theodolite, I made 
observations on the movement of the ice ; but os the season advanced it changed its 
appearance remarkably. In conformity with the known fact of the waste of the ice at 
its surface, the glacier sunk all round the stone, while the ice immediately beneath it 
was protected from the sun and rain. The stone thus appeared to rise above the level 
of the glacier, supported on an elegant pedestal of beautifully veined ice. Each time 
that I visited it, it was more difficult of ascent, and on the 6th August, the pillar of ice 
was thirteen feet hiffh, and the broad stone so delicately poised on the summit of it 
(which measured but a few feet in any direction), that it was almost impossible to 
guess in what direction it would ultimately fall, although by the progress of the thaw, 
its fall in the course of the summer was certain. During my absence in the 
of August, it slipped from its support, and in the month of September it was begin- 
ning to rise on a new one, whilst the unmelted base of the first was still very visible 
on the glacier.** (p. 92.) 

t The glacier cones, as tiiey are called, are accounted for on the same principle of 
protection from the influence of the sun, sand washed by rain-water into cavities on 
the glacier finally so accumulating that it prevents the melting of the ice beneath at 
the rate experienced around, so that the sand still remaining on the ice, the latter 
takes the form of a cone with a sandy covering. They have been found 20 to 30 feet 
in height, and 80 to 100 feet in circumference.—Agassiz, Etudes sur los Glaciers, 
chap. X., and Forbes* Travels, &c., chap, ii., p. 26. 

X Also taken from the Etudes sur los Glaciers, by Agassiz. ! 
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form of the subjacent and boundary rocks, all other conditions 
being equal,* we should expect it to vary very materially in the 
course of the same glacier, and in different glaciers. The very 

87. 



careful investigations of Professor James Forbes have piovcd the 
correctness of the view taken by M. Eendu,t that the central 
portions move faster than the lateral, J so that the blocks and frag- 

* When the rates of advance of different glaciers are compared with the slopes on 
which they move, it is very essential to take all other conditions into account, a pre- 
caution which does not appear to have been always adopted. 

t Theorie des Glaciers de la Savoie, p. 63. 

t Travels through the Alps of Savoy, &c., chap, vii., entitled ** Account of Experi- 
ments on the Motion of the Ice of the Mer de Glace of Chamouni.” The means 
adopted were of an order to insure success. The Professor selected a point on the 
ice, and determined its position with respect to three fixed co-ordinates, having refer- 
ence to the fixed objects around. He found, after the observations of four days, 
that the ice.on which his instrument was placed moved during each 24 hours at the 
rate of 

15*2 : — 16-3 ; — 17-5 : ~ 17*4 inches, 
a variation which he considered duo to the increasing heat of the weather. On trying 
the rate of nocturnal motion, as compared with the diurnal, the Professor found 
exactly one-half, the night having been cold. The general motion was not by fits of 
advance and halts, but orderly and continuously. By well-considered arrangements, 
he also found that the somewhat common opinion of the sides of a glacier moving 
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ments of the medial lines of moraine descend further in less ritwA 
tlian those on the sides, even when the latter are not thrown over, 
and left on the ground bounding the sides of a glacier. From the 
nature of the transport, any enormous mass of rock, detached from 
a height above a glacier, will move as readily onwards as a gmall 
fragment ; indeed, from its protecting influence against the action 
of the sun and rain, it would tend to preserve the ice beneath flu 
more effectually, considering the subject generally ; not, however, 
forgetting that from the unequal melting of the ice around and 
partly beneath, it may be tilted oflT, not only into a crevasse, where 
it might advance with the general march of the glaoier, bat. also 
into some mtuation where its prt^press may, for a time he 

arrested. Some of the blocks observed on ^ ghtdern are of 
considerable dimensions. Frdessor Forbes mentions having seen 
one on the ice of the glacier of Yiesdhy in the Valais, nearly lOO 
feet long, and 40 or 50 feet high.* 

faster than the centre waa fleorreet, and that, on the contraiy, their motion wm 
slower. From the 29th June to the Ut July while the sides of the part of the 
Mcr de Glace experimented upon moved at a rate of 17*5 inches for each 24 hours, 
the centre advanced 27*1 inches. Other experiments on other parts of the glacier 
led to similar results. It was found that, ** (1) The motion of the higher parts of the 
Mer de Glace is, as a whole, slower than that of its lower portion, but the motion of 
the middle region is slower than either. (2) The Glacier de Geant moves faster than 
the Glacier de Ldchaud. (3) The centre of the glacier moves faster than the sides. 
(4) The difference of motion of the centre and sides of the glacier varies with the 
season of the year, and at different parts of the length of the glacier; and (5) The 
motion of the glacier generally varies with the season of the year and the sta^ of the 
thermometer.” Subsequent investigations enabled Professor Forbes to state (Philo- 
sophical Transactions, 1846, “ Illustration of the Viscous Theory of Glacier Motion,” 
parti 1 , 2 , and 3), that the movement of the Mer de Glace went on continuously 
for several days, and he ^ves a valuable table of the apparent and relative motion oi 
45 points, tvre feet apart, in a line traversing the axis of this glacier, in 1844 (p. 171). 

The motion of a particular stone, named the Pierre Platte, on the Mer de Glace, 
was observed to be as follows 

From the 17th September, 1842, to 12th September, 1843, 


the advance in 360 days was 256*8 feet. 

Reduced to the year of 365 days . . . a . 260*4 ,, 

Mean daily motion 8*56 inches. 

From 12th September, 1843, to 19th August, 1844, 342 
days. a • a 270 feet* 

Proportional motion for 365 days . , . # . 288*3 ,, 

Mean daily motion . . ... . . . 9*47 inches. 


There are also important tables of the motion observed at two stations on the Gla< 
cier des Bois (one observed from the '2nd October, 1844, to the 2l8t Movember 
1845, and the other from 4th December, 1844, to 2l9t November, 1845) ; and at tw< 
stations on the Glacier des Bolssons (one from 20th November, 1844, to 22nd Novem 
ber, 1845, and the other from 2nd October, 1844, to 22nd November, 1845), showini 
the variable, but continued progress, of these glaciers during the intervals. Amon; 
the results, it appeared that ** in both glaciers the summer motion exceeds the winte 
motion in a greater proportion os the station is lower, that is, exposed to more violen 
alternations of heat and cold.” 

* Travels, &c., p. 46. A very large granite block, also sceii'by the Professor upoi 
the Mer de Glace, in 1842, is figured by him in the same work, p. 57. 
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While thus fragments of all dimensions, and in great abundance, 
find their way with an unequal rate of movement, according to 
their position on a glacier, to lower levels, numerous others are 
arrested in their progress, tilted off and left on the ground adjoining 
its sides, should circumstances permit. When a glacier so changes 
its volume as to occupy a higher relative level at one time than 
another, amid the mountain depressions and ravines ove; and 
through wMohf it may move, and the conditions for leaving mar* 
gihal accQintilations of lodt jGnigments on the outside of it obtain, 
such accumulations, itimuld tiie ice aftmrwards decrease m volume, 
would remain to atteft this previous state of the glacier.* No 
tbsxTsb of tiiis kind would be left where the sides of a ravine or cliff 
were so steep that the blocks could not find rest. The fragments 
would either rise or descend with the glacier, some probably falling 
into any space left between the ice and the wall of rock, and open 
cither from a certain amount of melting of the glacier at its contact 
with the rock, or from the passage of th#mass of ice along the 
uneven front of a cliff, cavities of different kinds thus presenting 
themselves. 

From fragments of rock becoming jammed between the ice of 
a glacier and its rocky walls, as cannot fail often to be the csisc, 
and indeed is well known, the friction of these fragments, pressed 
by the great force of the glacier, grooves and furrows the adjoining 
rocks in lines corresponding with their motion. Professor Forbes 
gives the following interesting view (fig. 89) of the ‘ Angle,’ Mer 
de Glace, where granite blocks are jammed in between tlie ice and 
the rock, wearing “ furrows in the retaining wall, which is all 
freshly streaked, near the level of the ice, with distinct parallel 
lines, resulting from this abrasion. The juxtaposition of the power, 
the tool, and the matter operated on, is such as to leave not a 
moment’s doubt that such striae must result, even if their presence 
could not be directly proved.”!- This friction alone would tend to 

♦ Professor Forbes (Travels, &c., p. 24) has given a very illustrative section 
(fig. 88), showing the manner in which fragments (c) of rook may be ieft by the de- 


Fig. 88. 



crease of a glacier, and in which a part of a lateral moraine may fall into a cavity, «, 
between the ice and the boundary rock, or be left stranded on an inclined shore, b. 
The section of a central moraine is seen at d. 
t Travels, &c. The woodcut is a reduced sketch from pi. S, p. 76. 
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mlucc the fragments to less am, and even to fine powder. Looldng 
at the general conditions of glacier movements, the kind of ground 
tlvcsc masses of ice pass over, and to the introduction of fragments 
from the sides, and even through the crevasses to the bottom, we 

Fig. 89. 



should expect that the grooving and scratching would be con- 
siderable on the bottom and sides, mingled with an extensive 
smoothing of surface, as if, in the application of a huge polishing 
apparatus, acting, as a whole, with minor deviations, in one direc- 
tion, harder grains were strewed about, so that scratching as well as 
polishing was effected.* This scratching and smoothing by 
glaciers has been chiefly observed, with reference to their geological 
value, in modem times, though the rounded and polished surfaces 
fi'equently seen have been long known by the name of Boehes 
Moutmnees, that assigned them by De Saussure. 

From the general grinding of glaciers on their beds, the friction 

Though the grooves arc usually long, parallel, and polished, the minor scratches 
often cross each other. 
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of the fragments on each other, and the decomposition of many 
kinds of rock in i^ons where the alternations of frost and thaw 
are so common, particularly in the warmer parts of the year, 
much finely-comminuted mineral matter could scarcely fail to be 
exposed to the action of tmy running water, finding its way amid 
the glacier, and along its sides and bottom.* The streams and 
rivers derived from glaciers have commonly a marked character, 
as above noticed, from the quantity of fine mineral matter in 
mechanical suspension. These sometimes fall into lakes, and leave 
the fine sedimentary matter behind them, as is the case with 
many amid and on the skirts of the Alps, while some have a con- 
siderable course, as, for example, the Ihirance (bearing the glacier 
waters of Monte Viso), and many tributaries of the Po, fed by 
glacier streams from the southern side of Mont Blanc, and other 
Italian portions of the high Alps. 

Independendy of the mass of fragments which may be borne 
forward by a glacier, when it is on the increase outwards, from 
a fitting combination of conditions, it ploughs up the ground 
before it, thrusting forward the loose substances, no matter how 
accumulated, and with them, should they come in its course, 
fields, woods, and houses. We remember seeing the Glacier dcs 
Bois thus crushing and forcing all before it during its advance 
in 1819.t These accumulations, to which the transported blocks 
and minor fragments of rock are being added, as the ice melts, 
which once supported and carried them onwards, | are known as 
terminal moraines, and by their position a glacier is inferred to 


♦ There is much finely-comminuted mineral matter distributed over some parts 
of many Alpine glaciers. It is sometimes so fine as to enter the interstices of the 
more porous ice, thus distinguishing the latter from the more compact bands. 
These “ dirt bands,** as Professor Forbes terms them, were of much service to him 
in his examination of the structure of glaciers. Alluding to the discoloration from 
this finely-comminuted detritus, the Professor observes, ** The cause of the dis- 
coloration was the next point, and my examination satisfied me, that it was not, 
properly speaking, a diversion of the moraine, but that the particles of earth and 
sand, or disintegrated rock, which the winds and avalanches and water-runs spread 
over the entire breadth of the ioe, found a lodgement in those portions of the glacier 
where the ice was most porous, and that consequently the * dirt bands* were merely 
indices of a peculiarJy porous veined structure traversing the mass of the glacier in 
these Travels, &c., p. 163. Upon careful examination these dirt bands** 

were found to be quite superficial. 

t In 1820 it attained its greatest known modem advance into the valley of Cha- 
monix. 

X Respecting the blocks and fragments of rocks thus carried outwards, M. Rendu 
has remarked that some of them can be occasionally traced to the very commence- 
ment of a glacier.— Theorie des Glaciers de la Savoie. 
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be, for the time, either retreating, advancing, or stationary.* That 
glaciers advance and decrease is well known, and this to conrider- 
able distances, so that many a terminal moraine left at one time, 
may be again forced forward at another, part of it so caught in 
the advance of the ice as to be employed in grooving and scratch- 
ing the solid rocks beneath, then bared and passed over hy the 
glacier. Enormous blocks! are often left by glaciers in their retreat ; 
indeed, under such circumstances, they would not only leave the 
terminal moraines, marking their extension for the time, and 
during periods of increase, but also their whole load of blocks and 
fragments, up to the new limits of the decreased glaciers. 

Supposing a glacier to advance and retreat from causes which, 
though variable on the minor scale, are constant for considerable 
intervals of time, there would be no small amount of blocks and 
fragments of rock, too considerable to be borne onwards by river 
action, left either perched on various parts of the mountain sides, 
or distributed over the valleys, within the range of increase and 
decrease of these masses of ice in glacier regions. This great and 
constant general action, continued through long time, would 
scarcely otherwise than very considerably modify the state of the 
area from that original condition, when the glaciers were first 
formed, even supposing no alteration in the relative level, as 
respects the sea, of the mountain masses amid which they occur. 
Avalanches aid in the general descent of fragments of rocks, 
carrying many, with their snows, to lower levels, sometimes falling 
on glaciers, sometimes into deep valleys, where the fragments are 
merely exposed to the ordinary action of rivers. 

Taking# the general causes and movements of glaciers in the 
Alps for his guides, the observer is enabled to infer how far 
glaciers would be found in other regions. M. Elie de Beaumont 
has pointed out,{ that from the little variation of climatal con- 

* Professor Forbes, after quoting M. Venetz (vol. i. of the Transactions of the 
Swiss Nat. Hist. Society), as pointing out ** that passes the most inaccessible, 
traversed now, perhaps, but once in twenty years, were frequently passed on foot, 
sometimes on horseback, between the eleventh and fifteenth centuries,” considers the 
evidence important, as ^ showing that a very notable enlargement of these boundaries 
(glacier boundaries), was consistent with the limits of atmospheric temperatnre, 
which we know that the European climate has not materially overpassed within 
historic times.”— Travels, &c., pp. 43, 44. 

t Professor Forbes mentions one of green slate, pushed forward by the glacier of 
Swartzberg, valley of Saas, and now left at a distance of about half a mile from the 
glacier by its retreat, estimated by M. Venetz to contain 244,000 cubic feet. This 
mass, if about 14 cubic feet be taken to the ton, would weigh no less than 17,428 tons. 

t Remarques sur deux points de la Theorie des Glaciers, y^nnales dea Sciences 
Gdologiques, 1842. He observes that glaciers being due to at^^dal and not merely to 
diurnal conditions, there could be only perpetual snows, and noi glaciers, ui^er the 
equator, where the variations of temperature are only diurnal. 
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ditions in tropical regions, glaciers would not be expected 
among the mountains there situated, and sufficiently high to be 
clothed with perpetual snow. Where the alternations of frost 
and thaw, snow and rain, would be insufficient to produce the 
needful amount of nev4 assuming this to be the storehouse whence 
the glaciers are supplied, these would not be found. Looking, 
therefore, at the different known regions of the world, their varied 
relief) as regards the distribution of high and low land, the dif; 
ferent amount of water supply from the atmosphere, cither in the 
shape of snow, hail, or rain ; changes of temperature during various 
times of the year, and their amount; prevalent or periodical winds 
— one set dry, the other bringing abundant moisture, and proximity 
or distance from the sea — the observer finds no want of' modifying 
conditions for the presence or absence, and geological importance 
of glaciers. At one time glaciers were somewhat doubted among 
the great range of the Himalaya, but several are now known. 
The height of the lowest part of the Finder glacier is estimated at 
about 11,300 feet above the sea, and that of the Kuplince glacier 
at 12,000, which, the height of the perpetual snow line near them 
being considered at about 15,000 feet, would give a glacier descent 
of 3,700 feet for the former, and 3,000 feet for the latter.* The 
lowest part of the glacier of the Ganges is 12,914 feet above the 
sea, according to Captain Hodgson. 


* Captain Strachey, Bengal Engineers, Jameson’s Edinburgh New Phil. Journal, 
vol. xliv,, p. 119, and Journal of the Asiatic Society of Bengal, No. viii., p. 794. 



CHAPTER XIII. 

ARCTIC GLACIERS REACHING THE SEA. — NORTHERN ICEBERGS AND THEIR 
EFFECTS. — ANTARCTIC GLACIERS AND GREAT ICE BARRIER. — GEOLO- 
GICAL EFFECTS OF ANTARCTIC ICEBERGS. — GLACIERS OF SOUTH GEORGIA. 
— GLACIERS OF SOUTH AMERICA.— TRANSPORT OF DETRITUS BY RIVER 
ICE.— GEOLOGICAL EFFEC'IB OF COAST ICE. — EFFECTS OF GROUNDED ICE- 
BERGS.— GENERAL GEOLOGICAL EFFECTS OF ICE. 

Proceeding from the temperate parts of the world, where lands 
rise suflSciently high into the atmosphere to obtain a constant 
covering of snow, and the fitting conditions permit glaciers to 
descend aihid the adjacent valleys at lower levels,* to the Arctic 
and Antarctic regions, we find glaciers not only covering various 
portions of land, but jutting into the sea, the line of perpetual 
snow having descended towards its level. If the observer will in 
imagination, and by reference to the view of part of it previously 
given (fig. *84), fill up the valley of Chamonix with sea to the 
height of about 4000 feet above the village of Cliamonix (3,425 feet 
above th% sea), anfl, therefore, so that the perpetual snow line 
descended (in round numbers) to within about 1,000 feet from the 
sea level,f it will readily be seen that numerous glaciers would jut 
into the sea, resting upon and grating along the rocks forming 
their bases and sides, until the emersion in the water became such 
that they floated at their extremities, the transport of fallen fi»g* 
ments being continued in the manner that it now is, until the 
glacier reached the sea. Here the conditions for their further 
transport would be modified. Instead of terminal moraines, the 
blocks would be thrown into deep water, and those which now 
fall off the lateral moraines would be distributed at greater or less 

* In the Pyrenees, the conditions for the production glaciers would appear to 
be such, that, where they occur, they are almost always found on the northern slopes 
of the mountains. 

t Taking 8,r)00 feet above the sea as the snow line for the Alps, the altitude 
inferred by Professor Forbes. 
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distances from the new shores. Modiiications would also arise 
from the increase or decrease of the mass of the glaciers, assuming 
the needful climatal changes. If wc now add wave and breaker 
action, and tides, it will be seen tliat there would be a tendency to 
have the protruding portions of the glaciers, where they floated, 
broken away by the one and the other, more particularly when 
the glaciers were weakened by lines of crevasses, formed, as now, 
upon the land, before the protrusion seaward was effected. Great 
masses of ice would thus be borne away, supporting their moraines, 
gathered and transported outwards, as at present. 

This imaginary case may be considered as realized, from the 
near approach of the perpetual snow line to the sea, with certain 
obvious modifications, in portions of the Arctic regions. Glaciers 
formed, necessarily, at minor altitudes above the sea, there descend 
to the shores in various situations, as«i lor example, in parts of 
Greenland and Spitzbergen,* even advancing beyond them, so that 
their extremities become separated and are borne away by tidal 
streams and sea-currents, the masses of ice often loaded with the 
fragments of rock detached from the cliffs and heights amid which 
the glaciers moved outwards, as in the Alps. Let a, J, e, d, and e, 
(fig. 90), represent the section of a portion of coast, partly beneath 
the level of the sea, and partly along a ravine or hollow, in which 
a glacier, /, g, c, h, finds its way outwards to tlie sea, s, so that at 

Fig, 90, 



A, it has a tendency to float at its extremity, from its relative 
specific gravity, as regards the sea, and it should be recollected 

♦ With respect to the alternations of temperature productive of glaciers, it would 
appear that in these regions there is no want of the needful alternations of frost and 
thaw. In Greenland the heat of the days in the summer months is considerable, 
thawing the snow and ice, while the nights are commonly cold, with frosts. Even 
during the winter at Spitzbergen, when strong southerly winds prevail, thaws are 
known. The temperature of the warmest months at Spitzbergen is estimated at 
340 5, and the longest day lasts four months, the northern portion of these islands 
being within 10 ® of the North Pole. 
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that glacier ice would sink less deeply in sea than in fresh water. 
And let t be the level of ordinary high water in a tidal sea, and 1 1* 
the difference of level between high and low water. The ordinary 
glacier movements and their consequences would go on uninter- 
ruptedly, as in the Alps, allowing for the modifications due to an 
Arctic climate, from f to where the sea level cuts the cciast and 
glacier ; while from g towards d, a change in the polishing, groov- 
ing, and scratching of the rocky sides and bases would gradually be 
effected as the final floating of the ice removed its pressure from 
them. Still much of the polishing, grooving, and scratching would 
take place beneath the sea level, and the fragments which may have 
fallen bet\\jieen the glacier and its sides, or through crevasses of 
sufficient depth, while above the level of the sea, would be squeezed 
out beneath the ice under that level, accompanied by the finer 
detrital matter, derived in the manner above mentioned (p. 221), 
and borne away in mechanical suspension by glacier rivers. As 
the ice moved seawards, instead of the terminal moraine of an 
inland glacier, the blocks and fragments of rock of the lateral and 
central moraines, should there be such, would fall over into the 
sea, accumulating in different ways beneath it, according to the 
depth of water and configuration of the coast. It is assumed, for 
illustration, that at d such blocks do accumulate. With respect 
to the finer detritus, instead of being removed, amid dry land, by 
running waters, as in the Alps, its outward movements by such 
means would be checked at the sea level, with the difference due 
to the fall of tide t\ Its further course outwards would depend 
upon the specific gravity of the water loaded with this matter in 
mechanical suspension, and the geneml motion of the glacier. 
We have seen that the turbid waters of the Rhone readily sink 
beneath the clear water of the Lake of Geneva, spreading over the 
bottom (p. 44), and we should anticipate, from the melting of the 
glacier in the sea, and the consequent less specific gravity of the 
latter, that the turbid waters under notice, finding their way 
beneath Arctic glaciers in the usual manner above the sea level, 
would also be discharged outwards beneath the glacier. Taking 
all the circumstances into consideration, there would appear much 
probability of the finer detritus finding its way beneath the glacier 
into the sea, to be distributed over its bottom according to con- 
ditions, tidal streams and sea currents producing their usual effects. 
Along steep coasts, such as those of Greenland, where glaciers are 
so common, much mud may be thus distributed, under the deep 
water which usually adjoins them, and into this mud glacier-bome^ 

Q 2 



m AECTIC EBACHmO THE SEA. 

fragments of rock^ sometimes of considerable volume, would from 
time to time be discharged^ so that the resulting mixture would be 
a day without apparent stratification, amid which fragments of 
rocks, of very vari^ form and volume were dispersed. 

The transport of fragments by glacier ice, the latter jutting into 
the sea, does not cease in the cold regions of the globe with the 
extension of the glacier itself. Not only is the glacier subject, at 
its seaward extremity, to the breaker action, which observers in- 
form us imdermines its base, and finally brings down huge frag- 
ments into the water, but also to the pressure of tidal streams or 
sea currents, and to the fracturing influence of the up-and-down 
motion produced by the rise and fall of tides in tidal stos. Some 
of the masses of ice thus broken off and and floated away, as at wi 
(fig. 90), with any Iciid of blocks and minor fragments of tock, 
which in the ordinary inland glaciers of temperate climates might 
be carried towards the terminal moraines, would contribute, as 
at e (fig. 90), by their melting, and during a long lapse of time, 
no small amount of blocks to be dispersed amid the clay or mud, 
even of deep waters, such as those in Baffin’s Bay. 

Greenland has been considered as a mass of land nearly covered 
by perpetual snows and interlaced with glaciers, many of the latter 
protruding beyond the ordinary coasts into the sea. Their sea- 
ward extremities are well known, after having been detached from 
their main masses, to be floated away, often bearing fragments of 
rock in and upon them, even to and beyond Newfoundland.* In 
the western and mountainous part of Spitzbergen, glaciers reach 
and protrude into the sea, exposing ice-cliffs ,from 100 fo 400 feet 
in height. A little northward of Horn Sound, a great glacier is 
noticed as occupying 11 miles of the sea-coast, the highest portion 


* The current from the northward bears a mass of ice with it to the southward 
along the east coast of Greenland ; sea ice, as well as the glacier ice noticed above. 
The ice is described as sometimes extending across from Greenland to Iceland ; polar 
bears being occasionally ice-bome to ‘the latter, where they commit great havoc until 
destroyed. The accumulation of ice is stated to extend occasionally from 120 to 160 
miles, seawards, around Cape Farewell. Its movement thence is described as north- 
ward to Queen Anne’s Cape, passing afterwards to the western side of Davis's Strait, 
and from Cape Walsingham (Cumberland Island) along the American shore to New- 
foundland. 

Mr. Eedfield (American Journal of Science, vol. xlviii., 1845) gives a valuable 
chart, illustrative of a paper, on the Drift Ice and Currents of the North Atlantic. 
Touching the general quantity of drift-ice, it is stated to vary considerably. It is 
sometimes seen as early in the year as January, and seldom later than the month of 
August From March to July is its most common season. It is found most fre- 
quently to the west of longitude 44°, and to the eastward of longitude 52°, but ice- 
bergs are sometimes met with as far eastward as longitude 40°, and in some rare cases 
even still fhrther towards Europe."— p. 373. 
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rising in a cUff of 400 foot above the water. On the east coast of 
North-East Land great glaciers are also found. 

M. Ch. Martins* mentions that the glaciers of Spitzbergen are 
commonly even and not much broken, and that the ice resembles 
that of the upper glaciers of Switzerland, pointing out that of 
Aietsch as a go^ illustration of the Spitzbergen glaciers. There 
are lateral, but no central moraines, the former proceeding with 
the glacier to the 8ea.t The cliffs of ice rising above the sea he 
estimates, as previous observers have done, as varying in height 
from 30 to 120 metres (98 to 393 English feet), and he states, that 
the seaward terminal portions of the glaciers rest on water. Ee- 
specting the height and slope of the Spitzbergen glaciers, he esti- 
mates the difference between the foot and the summit of a Bell 
Sound glacier at 1,150 feet, and its slope at 10°. The principal 
glacier of Bell Sound is also stated to be nearly horizontal, in con- 
sequence of its great length. M. Eugene l^bert, who likewise 
visited Spitzbergen, remarks on the destruction of the ice by the 
breakers, and considers that where this is not effected, the masses 
of ice are very stationary. M. Durocher, who has also visited these 
lands, observest that the glaciers do not there rise more than from 
1,300 to 1,650 (English) feet above the sea ; the snows above not 
taking the character of neve, being too much elevated above the 
needful conditions for its production. 

The masses of ice detached from the land, floating about, and 
commonly known as icebergs, are sometimes of very considerable 
dimensions. The accompanying (fig. 91, p. 230) is a view of one 
seen by Sir Edward Parry§ in his first voyage, and is interesting, 
not only %s showing the magnitude of this mass of ice (the fer 
greater portion being concealed beneath the sea), but also as ex- 
hibiting something of its structure. It may be here observed. 


Observations sur les Glaciers du Spitzberg compares ^ ceux de la Suisse et de la 
Norwege. Bull, de la Soc. GeoL, vol. xi., 1840 ; BibUothequo Universelle de Geneve, 
1840. 

t Respecting the moraines of Spitzbergen, M. Martins observes that the bases of 
the nearly-vertical cliffy bounding the glaciers are covered with a mass of debris, 
fallen from the heights. Between thesq heights and the glacier there is sometimes a 
small valley or depression. The great glacier of Bell Sound is thus separated fh)m 
its boundary heights. This glacier was merely stained with earth in its lateral 
portions. Those of Madalina Bay were covered with stones at their lower portions, 
occupying about an eighth part of their breadth. Not only were blocks seen in their 
upper surfaces, but also imbedded in the ice. M. Martins never saw them in the 
front of the glaciers bordering the sea. 

X Memoire sur la limite des neiges perpdtuelles, sur les glaciers du Spitzberg com- 
pares k ceux des Alpes— Partie de Gdographie Physique du Voyage de la Rdchercho, 
184.5. Scoresby gives the height of the Horn Sound glacier as 1300 feet. 

§ Reduced from a plate, in Parry’s First Voyage, 4to edit. 



230 


GEOLOGICAL EFFECTS OF NORTHERN ICEBERGS [Cii. XIII. 


that such masses of ice, remaining, as they are often known to do, 
stranded for a long time in some high latitude, might become 
covered with snows, marked by alternations of frosts and thaws, 
and even frozen rain, so that their upper parts may be in the 
condition of neve, thus covering over the remains oi old moraines, 
resting on more ordinary glacier ice. Indeed, as respects the latter 
itself’ in regions where the perpetual snow line closely approxi- 
mates to and even cuts the level of the sea, we might expect the 
neve condition more and more to prevail, and it has been con- 
sidered that icebergs arc frequently of that character. 


Fig. 91. 



The northern icebergs may be regarded as the great carriers of 
rock fragments, oflen of a great size, from the lands where the 
bergs have been formed, as portions of glaciers, over a^part of the 
Northern Atlantic, distributing them upon the bottom in various 
directions, and upon parts of it to which no other cause now con- 
tributes detritus.* Blocks and minor fragments may even be thus 
dropped upon bare rocks beneath, and upon every kind of in- 
equality, Should a constant supply of block-bearing icebergs, 
regarding the subject generally, be thrown into any constant cur- 
rent, corresponding lines of deposit would result, assuming the 
melting of masses of ice, of various sizes, at different times and 
distances during their progress in such current ; these lines having 
no reference to the form of the bottom, or to its modifications from 
any other deposits accumulated now, or at previous geological 

* Mr. Couthouy mentions an iceberg, with apparently boulders upon it, as low 
down as latitude 36® 10' N., and longitude 39° W. The same author states that he 
had often met with icebergs between the parallels of 36° and 42° N.,in his voyages to 
and from America and Europe. American Journal of Science, vol. xliii., 1842. 
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times. Stranded near shores^ or upon mud or sand-banks, these 
though somewhat deep in the sea, still catching their submerged 
portions, icebergs would tend much to disturb detrital deposits 
beneath them, particularly when moved by the waves produced 
during heavy gales of wind, as also by the rise and fall of tides. 
The heavy thumping of such huge masses, as some of these icebergs 
are, would cause great derangement of deposits effected tranquilly; 
and in many situations, blocks and fragments of rocks, with gravels, 
sands, and clays, would be irregularly mixed by the application of 
such force — ^singular intermixtures, and contortions of any pre- 
viously bedded structure being produced. The icebergs which 
ground upon the Banks of Newfoundland can scarcely fail to pro- 
duce much disturbance of the bottom, often adding to it great 
blocks and minor fragments of rocks, borne by them from more 
northern regions.* 

As is well known, glaciers reaching the sea are not confined to 
the northern hemisphere,! they are also found in the antarctic 
regions. Sir James Ross mentions a great glacier, at iEtna Islet, 
South Shetland, as descending from a height of 1,200 feet into the 
ocean, where it presented a vertical cliff of 100 feet. Adjoining 
the termination of the glacier, Sir James found the largest aggre- 
gation of icebergs, evidently broken from it, he had ever seen 
collected together. Glaciers are also noticed by Sir James Ross 
as descending from the Admiralty Range (mountains 7,000 to 
10,000 feet high) in Victoria Land, and projecting many miles 
into the sea, bare rocks in a few places inland breaking through 
the covering of ice. As in the arctic regions such glaciers may be 
cxpccted^o bring down with them those fragments of rock which 


* Mr. Couthouy (American Journal of Science, vol. xliii., 1842, p. 155) mentions 
having seen (in September, 1822) a large Iceberg aground on the eastern edge of the 
Great Bank of Newfoundland, and considered to be in about 720 feet water (120 
fathoms), soundings three miles inside giving 630 feet (105 fathoms). A fresh wind 
from the eastward kept forcing it on the bank, the sea causing it to rock with a heavy 
grinding noise. On another occasion (August, 1827) he observed another iceberg 
aground upon the Great Bank, in between 480 and 540 feet water (80 to 90 fkthoms). 
The huge mass rocked with the swell, going at the time, and even turned half over 
when struck by the breakers. The sea, for about a quarter of a mile around, was 
discoloured by mud worked up from beneath. Above water the iceberg was 50 to 70 
feet high, and about 1,200 feet long. It suddenly fell over on its side, with much 
disturbance of the sea. 

t Although glaciers are so common in Iceland, they do not appear actually to 
reach the sea. Those descending from the high Jbkulls are noticed as s^rated ftom 
it by great moraines. Some of the glaciers are described as black in parts irom the 
quantity of volcanic cinders and ashes with which they are covered. The sudden 
melting of snows and glaciers, from volcanic action in Iceland, is represented as pro- 
ducing great rushes of water, bearing large accumulations of volcani products out- 
wards. 
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can iUi upop to grate over the hard rocks on which they move, 
and;^^ aid in contribnlhg fine deltas to the a^acent 
aho^ aiidi that wate^ oouJd fiow hettfisen the 

the supporting rook When we oon^^ die 
of BO mui^ of the great soutbstp^ knd aB h^ heen seek 
we diould expect that* as in Ieelaad» vdcanic eruptions and the 
heating of the ground would occanonally produce the sudden 
meltiiig of snows^ and descent of the water, which could renudn 
fluid sufSciently long to find its way to the sea. In this manner, 
not only the tran^rt of ashes and cinders, and the larger volcanic 
substances vomit^ out of craters, may be moved to the lower 
ground, or into the sea, but also the fragments of rock which might 
have fallen upon snow or ice from any cliffs or steep places wher- 
ever atmospheric influences could detach them ; not forgetting the 
effects of earthquakes (so common in great volcanic countries) 
upon the glaciers and snows, especially in localities where great 
avalanches could be produced. 

Though from its general mode of occurrence, the great icy 
barrier of the antarctic regions might not, at -first, appear any im- 
portant agent in the transport of mineral matter, it has been found 
that, under certain conditions, portions of the ice, detached from 
it, may bear no inconsiderable amount of mud, sand, and rock 
fragments of various sizes into milder climates, depositing their 
loads over the bottom of the sea upon which they may be carried. 
This icy barrier presents a very singular appearance, stretching 
over a vast distance, with ice-cliffs rising from 150 to 200 feet 
above the sea, large fragments of them and minor pieces of ice 
floating in front of it, as shown in the annexed view^(fig. 92), 
representing a great detached mass in a long creek or bay in the 
hairier itself. From the relative specific gravity of the ice and 
sea-water, the former necessarily descends from beneath the level 
of the sea to a depth which might be estimated if the ice were of 
a uniform kind, with a known specific gravity. This is, however, 
far from being the case, for the layers of which it is composed, 
would appear to present somewhat the character of the ndvd of the 
higher parts of glaciers in temperate regions, being formed of alter- 
nations of snow, sleet, frozen mist and rain, with the refreezing of 

* Taken from Captain Wilkes’s " United States’ Exploring Expedition,” vol. ii. 
The vessel represented is the “ Peacock,” which had been driven against this great 
mass of ice. The view will at the same time afford an idea of the great barrier itself, 
which would be but an extension of a similar range of ice-cliffs. A long illustrative 
view of the great antarctic ice-barrier is given in Ross’s Voyage of Discovery and 
Research in the Antarctic Regions,” vol. i. p. 232 . 
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portions in ^ satnmer ntontlu may be diawed at ^ea by 

theiofittii^^t^jl^lQn.* ils detached port^ 

found by- i%r Jamw BQ^..i^grou]id, |50 milea Horn ita main e^ 

and 200 fjc^ 

was there at least of ^ tluekiaeaB. 



The depth of water obtained not far distant from the barrierf 
would show, as Sir James Boss has observed, that much of it must 
be upborne by the sea, and not rest on the sea-bottom, however the 
general mass may be held fast by adhering to land, or by reposing 
upon mud, sand, gravel, or solid rock, at minor depths. It will be 
oWious that the ice must be limited in depth by the temperature 
of the water to which it descends. We have seen (p. 96) that at 
the deptl^of 4,500 feet, the most dense water, with its temperature 
of 39° *5, appears to remain somewhat fixed in these regions, the 
waters of the upper parts of the sea necessarily varying in tempera- 
ture according to the seasons. In January (1841), consequently 
in the summer of that portion of our globe, Sir James Ross found^ 
about 12 or 14 miles from the barrier, a temperature of 33° at a 
depth of 900 feet, one which could not fail, widely spread beneath 


* Sir James Ross describes gigantic icicles depending firom the prcjecting parts of 
the ice-clifil9, proving that thaws sometimes took place. Notwithstanding Ibst time 
of the observation (February 9, 1841) corresponded, as respects season, with August 
in England, the temperature was at 12° (Fahr.) and did not rise above 14° at noon. 

t Sir James Ross found (lat. 77° 56' S., long. 190° 15^ E.) a depth of 1,980 feet (330 
fathoms), within a quarter of a mile of the barrier, the bottom green mud. He also 
obtained 2,400 feet (400 fathoms) 12 or 14 miles off the icy barrier in another iltuatioa, 
about 100 miles from Victoria Land, the bottom being also a green mud, soaoft that 
the sounding-lead descended into it 2 feet. ^ Voyage of Discovery and Reseateli In 
the Southern and Antarctic Regions," vul. i. , 
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as we might expect it to be, to act upon the lower part of* the 
great mass of ice descending into the sea.* 

Seeing tliat numerous and large masses of ice are annually de- 
tached from the great ice-barrier adjoining Victoria Land, and are 
floated off into milder regions, the question arises of whence the 
needful supply for this loss is obtained, assuming a certain general 
icy frontier to bound the barrier, and due allowance being made 
for the variation of seasons. The great thickness of the detached 
masses would lead us to consider that they were not portions formed 
on the outskirts of the main mass during certain seasons as additions 
to it, and were subsequently broken off, to be replaced by other addi- 
tions; but rather that they were essential portions of the main 
mass, formed at the same time and in the same manner with it. 
Under this view there would be a motion outwards of this mass, 
sufficient to supply the annual waste of icebergs at the outer edge. 
Such a movement, though very slow, would yet produce a cor- 
responding effect on the bottom of the sea over which this great 
mass of ice passed, grating over it, heavily pressing upon and 
scratching bare rocks and shingle beds, in the manner of a com- 
mon glacier, though over a far wider area. Shingle beds, produced 
by some previous condition of land and sea, might thus, as well as 
any supporting rock, be scratched throughout, pebbles moved against 
pebbles, in lines of a general parallel character, over very extended 
areas.*!' 

As the various layers of which the ice-barrier is fonned indicate 
accumulations from atmospheric causes, unless the melting of the 
bedsj beneath was equal to the deposit of snow, sleet, fog,§ and 

* 4 

* The temperature at 1,800 feet was 34'^* 2, at 900 feet 33°, at the surface 31°, and 
of the air 28°. In another situation (lat. 77° 49' S. and long. 162° 36' W.), and about 
one mile and a half from the barrier, Sir James Ross found the temperature of the 
bottom (green mud) at 1,740 feet (290 fathoms) to be 30° *8, only 2° lower, he ob- 
serves, than would be obtained at a more considerable distance from the barrier, and 
showing the small influence of the mass of ice upon the sea adjoining it. 

t Any outward motion of the great ice-barriers, however slow, by bringing portions 
of it forward which were based on rock, or shallow sea-bottoms, into depths where 
their bases could be melted, would also tend to keep those parts flattened which might 
otherwise have a large amount of snow or ice accumulated upon them, supposing such 
accumulation beyond the loss of evaporation and melting. 

f As regards these layers, Captain Wilkes United States* Exploring Expedition,’* 
vol. ii.) observes, that 80 different beds, on the average 2 feet thick, were counted 
in the large icebergs, detached from the main ice, and 30 in the smaller.** 
Assuming similar beds beneath the sea level, the whole would constitute no small 
amount of ice and snow accumulated in horizontal layers and beds, in parts supported 
like beds of solid mineral matter by subjacent ground. 

§ Respecting fog. Captain Wilkes remarks, “ that it may make, when frozen, a 

marked addition to the ice accumulations, since he has known it frozen to the 
depth of a quarter of an inch upon the spars and rigging of the ships in a few lioui's.” 
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raia (frozen upon its fall) above, there would be a continued increase 
of icy matter. The marked general uniformity in height of the 
ice-cliffs, and the tabular character of the surface of the barrier 
inwards,* would point to some cause having an ext^ded and 
uniform action, so modifying any accumulation of the kind as to 
keep the mass at a general uniform thickness. The temperature 
of the sea at a fitting depth would appear sufficient to effect this, 
any addition from above to the general mass, so long as it plunged 
into water and did not rest on the sea-bottom, being compensated 
by the melting of the lower surface, pressed down by the increased 
accumulation above. 

Captain Wilkes refers the formation of the ice in the first place 
to ordinary field ice, upon which layers from rain, snow, and even 
fog so accumulate, that the mass descending, takes the ground, part 
of it trending outwards into deeper water, and floating when con- 
ditions permitf 

Huge masses of this barrier, detached from it, float to more 
temperate regions, borne onwards by currents and prevalent winds. 
The accompanying sketch^ (fig. 93) will afford an idea of the 

Fig. 93. 



tabular character of numerous icebergs before they have been much 
melted in more temperate climates, and also will show the stmtilied 
appearance noticed. Sir James Boss found many§ in about 

* Where an opportunity occurred of seeing over the ice-cliflf (about 50 feet high), 
Sir James Ross describes the mass as quite smooth in its upper part, and looking like 

an immense plain of frosted silver.** 

t Wilkes, “‘United States* Exploring Expedition,** vol. ii. Respecting that portion 
of the mass which reposes on the bottom beneath the level of the sea, we have also to 
consider the effect, for any value it may have, which may be due to terrestrial heat 
beneath, the ground protected from great atmospheric depressions of temperature by 
the mass of ice and snow above. 

X Taken from Wilkes’s “ United States’ Exploring ExpediUon,” voK ii. 

§ 27th December, 1840. “ Voyage of Discovery,” &c. They extend often wUb a 
similar tabular character, according to particular seasons, mqre northerly. Accord- 
ing to such seasons, also, the icebergs generally of the southern regions range to ye;ry 
different warmer latitudes. Upon returning from the antarctic regions in 1846^"^'^ 
different vessels of the United States* Exploring Expedition saw the last in 55^ S,, 
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63^ 30* south, rising with tabular summits to the height of from 
120 to 180 feet, several more than 2 miles in circumference. 
They were falling rapidly to pieces, and their course was marked 
by the portions of ice detached from them. 

Respecting the mode in which icebergs are separated from the 
main mass of the ice barrier, and from the few he observed near it 
during the summer months, Sir James Ross infers that they are 
chiefly detached during the winter, the temperature of the sea and 
the air being then so different, whereas it more closely approximates 
during the summer. He points to the great cracks, some many 
miles in length, observed in the ice of arctic regions upon a sudden 
fall of 30® or 40® in the temperature, and more especially well 
seen in the great freshwater lakes, where the sudden rents are 
accompanied by loud reports. The unequal expansion of the ice 
expos^, on the surface, to 40® or 50® below zero (Fahrenheit), 
while beneath the temperature is 28® to 30® above it, could not. 
Sir James Ross infers, but produce the separation of large masses 
of ice. However little the action of the waves could affect a mass 
descending so low beneath the surface of the sea, we should expect 
that the influence of a rise and fall of tide would be felt, tending 
alternately to lift and depress much of it, especially at spring tides, 
so that supposing fissures formed, this very constant up and down 
movement would also tend to separate masses at the outer edge of 
the barrier. 

While numerous icebergs are but the detached portions of the 
great ice barrier, which have not rested on a sea-bottom, and 
therefore transporting no mineral matter to milder regions, beyond 
any volcanic ashes or cinders discharged over the icy area, of 
which they may have formed a part, from such volcanic vents as 
Mount Erebus, and be interstratified with the layers of ice and 
snow,* others carry onwards no small amount of mud, sand, and 
rock fragments of different sizes. We have accounts of some 
covered with such detritus, blocks, so found, weighing several 
tons.t The detached portions of the glaciers, such as those de- 


51^ S., and 53^ S. They were known to range bo much northerly in 1832, that veBsels 
hound round Cape Horn from the Pacific were obliged to put back to Chili for a 
time, ifi order to avoid them. 

* Sir James Ross (Antarctic Voyage) mentions ** that having observed new-formed 
ice off Victoria Land, covered with some colouring matter, a portion of the ice was 
melted and filtered, and an impalpable powder collected, considered as volcanic 
dust.” 

t Ross, ** Voyage in the Antarctic Regions,” vol. i. p. 173. Mr. Couthouy observed 
masses of rock embedded in an iceberg seen in lat. 53° 20' S., long. 104° 50' W., 1,450 
miles from Tierra del Fuego, and 1,000 miles from St. Peter’s and Alexander's Islands, 
wiionro ha AunnntuM ififi t<v havfi drifted. One of the rock masses seemed to show 
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scending from the Admiralty range, would be expected to transport 
the fragments which could fall upon them, as in the arctic re^ons. 
It would appear that, in addition to whatever may be thus carried, 
large icebergs which have rested upon the searbottom are often 
capsized, so that the mud, sand, and pieces of rock adhering to 
them beneath are suddenly upturned, a very great change in the 
relative position of such detritus being in this manner quickly 
produced. Sir James Boss mentions one suddenly capsized off 
Victoria Land, bringing up a portion of the bottom 100 feet above 
the surface of the sea, so that it was, for the moment, supposed to 
be an island not previously seen.^ In this manner detritus may 
not only be transported directly from the land upon detached 
portions of glaciers, but also the mud, sand, and stones of a sea- 
bottom be uplifted several hundred feet, and carried great dis- 
tances into milder climates, j A somewhat constant supply and 
a general course of the floating ice, from currents and prevalent 
winds, would cause a vast quantity of the detritus, thus obtained 
and floated away, to be distributed over the sea-bottom ; mud, sand, 
and fragments of varied sizes mingled together. Though the finer 
matter would take longer to sink through the sea,J and so far 
become strewed over the bottom more widely and in a more even 
form, enveloping various inequalities that may occur (as well 
covering the tops as the sides, if not too steep, of submarine hills), 
the larger fragments would fall more irregularly upon and into the 
finer sediment. Submarine hill-tops would be as much covered 
by them as any depressions, and they would often be plunged int(» 


e • 

a face of about 20 square feet. When within half a mile of this iceberg, the tempera> 
ture of the air was 35 °, and of the water 34^. The water to leeward of the ice was 
7° colder than ^ miles to windward of the berg.—** American Journal of Science.” 
vol. xliii., 1842. 

* ** Antarctic Voyage,” vol. i. p. 196. 

t Captain Wilkes (** United States* Exploring Expedition”) considered that he 
landed upon an upturned iceberg, part of the icy barrier weathered by storms, about 
eight miles from the main land, in latitude 65° 59' 40" S. Upon it were boulders, 
gravel, sand, and mud or clay. The larger specimens were of basalt and red sand- 
stone, One piece of rock was estimated at 5 to 6 feet in diameter. The stones were 
cemented by very compact ice, thus forming an icy conglomerate. 

As regards the distances to which the icebergs from the southern ice are carried, 
Captain Wilkes infers that they are conveyed westward the first season by the south- 
east winds, about 70 miles north of the barrier, being the second season driven north- 
wards until they reach 60° 8., after which they rapidly move more northward and 
disappear. Sir James Boss mentions a tabular icebeig, rising ISO feet above the sea, 
and three-quarters of a mile in circumference, in about 58° 36' S. 

I Sir James Boss (*^ Antarctic Voyage ”) considers the bottom as usually to be 
found in the Antarctic Ocean at 12,000 feet Inequalities to a considerable amount 
also exist. No bottom was obtained by a line of 24,000 feet in latitude 68° 38' S., and 
longitude 12° 4y W. ^ 
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mud, in the same manner as the sounding-lead above mentioned 
(p. 233), and which descended two feet into the fine green mud 
beneath 2,400 feet of sea, at a distance of 100 miles from Victoria 
Land. This fine mud would not appear an uncommon sea-bottom 
off Victoria Land,* and as icebergs discoloured by mud seem not 
unfrequent in these southern latitudes, such mud may be widely 

♦ This mud seems, from the soundings obtained by Sir James Ross (“ Antarctic 
Voyage"*), to be common for about 400 miles along the great icy barrier near Victoria 
liand. It has been noticed previously (p. 233) that a detached portion of tliis barrier 
was found aground upon it, beneath 1,560 feet of water, 200 miles from that land. 
Respecting its composition, those minute bodies the Diatomneem^ which were considered 
by Ehrenberg and many naturalists as infusorial animals, and by others as vegetables, 
and which seem now, especially from the researches of Mr. Thwaites, to be admitted 
by Dr. Hooker, Dr. Harvey, and other highly-qualified persons as the latter, would 
appear to form no inconsiderable portion of it. At the same time, as no rivers of 
Victoria Land bear out fine sediment, and great volcanos are there in activity, we may 
look to the distribution of ashes and cinders vomited forth from the latter as adding 
such products from time to time to this mud. 

“ The water and the ice of the South Polar ocean,*" observes Dr. Hooker (“ Flora 
Antarctica,” vol. ii. p. 503), are alike found to abound with microscopic vegetables 
belonging to thi^ order (Diatomaceae). Though much too small to be discerned with 
the naked eye, they occurred in such countless myriads as to stain the berg and pack 
ice wherever they were washed by the swell of the sea ; and when enclosed on the 
congealing surface of the water they imparted to the brash and pancake ice a pale 
ochreous colour. In the open ocean northward of the frozen zone, this order, though 
no doubt almost universally present, generally eludes the search of the naturalist, 
except when its species are congregated amongst that mucous scum which is sometimes 
seen floating on the waves, and of whose real nature wc are ignorant, or when the 
coloured contents of the marine animals which feed on these Alg(£ are examined. To 
the south, however, of the belt of ice which encircles the globe, between the parallels 
of .50° and 70° S., and in the waters comprised between that belt and the highest 
latitude ever attained by man, this vegetable is very conspicuous, from the contrast 
between its colour and the white snow and ice in which it is embedded, insomuch 
that, in the eightieth degree, all the surface ice carried along by the currents, the 
sides of every berg, and the base of the great Victoria Earlier itself, wi hin reach of 
the swells, are tinged brown as if the polar waters were charged with oxide of iron. 

As the majority of these plants consist of very simple vegetable cells, enclosed in 
indestructible silex (as other Algoa are in carbonate of lime), it is obvious that the 
death and decomposition of such multitudes must form sedimentary deposits, pro- 
portionate in their extent to the length and exposure of the coast against which they 
are washed, in thickness to the power of such agents as the winds, currents and sea, 
which sweep them more energetically to certain positions, and in purity to the depth 
of the water and nature of the bottom. Hence we detected their remains along every 
ice-bound shore, in the depths of the adjacent ocean, between 80 and 400 fathoms. Off 
Victoria Barrier the bottom of the ocean was covered with a stratum of pure white 
or green mud, composed principally of the siliceous cells of DiaUmacefe ; these on 
being put into water rendered it cloudy, like milk, and took many hours to subside. 
In the very deep water off Victoria and Graham’s Land this mud was particularly 
pure and fine ; but towards the shallower shores there existed a greater or less ad- 
mixture of disintegrated rocks and sand, so that the organic compounds of the 
bottom frequently bore but a small proportion to the inorganic.” 

Respecting the distribution of the DUiiomacem^ Dr. Hooker remarks (ibid. p. 505) 
that many species are found from pole to pole, ** while these or others are preserved 
in a fossil state in strata of great antiquity. There Is also probably no latitude be- 
tween that of Spitzbergon and Victoria Land, where some of the species of either 
country do not exist : Iceland, Britain, the Mediterranean Sea, North and South 
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distributed and be irregularly supplied with sand, stones, and 
large fragments of rock, as the icebergs melt away tmd drop t.h^r 
loads of mineral substances.* 

Captain Cook long since (1777) made known the feet diat, at 
the mountainous island of South Georgia, included between lati- 
tude 53® 57' and 54® 57' S., glaciers descended into the sea, 
detached masses from which floated outwards, to be distributed by 
ocean currents and prevalent winds, in given directions. The 
following view of Possession Bayf (latitude 54° 5' S.), in that 
island presents us with a glacier reaching the sea, the depth of 
which was more considerable than that of an ordinary sounding 
line (204 feet) employed at the time. Captain Cook says, “ The 
head of the bay, as well as two places on each side, was terminated 


Fig. 94. 



America, and the South Sea Islands, all possess Antarctic Diaiomacece, The siliceous 
coats of species only known living in the waters of the South Polar ocean have, 
during past ages, contributed to the formation of rocks, and thus they outlive several 
successive creations of organized beings. The phonolite stones of the Rhine and the 
tripoli stone contain species identical with what are now contributing to form a sedi- 
mentary deposit (and perhaps at some future period a bed of rock), extending in one 
continuous stratum for 400 measured miles. 1 allude to the shores of the Victoria 
Barrier, along whose coast the soundings examined were invariably charged with 
diatomaceous remains, consUtuting a bank which stretohes 200 miles north from the 
base of Victoria Barrier, while the average depth of water above it is 300 fathoms, or 
1,800 feet.’» 

* As respects sand intermingled with ice and carried away. Captain Wilkes men- 
tions (^^ United States’ Exploring Expedition ”) a floating mass, composed of alternate 
layers of snow and ice, the former mixed with sand. Upon this pieces of granite and 
red clay were also found. 

f Taken from the plate, vol. ii., p. 213, of Cook’s “ Voyage io the South Pole,” 4to, 
1777. ■ 
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by peipendicular ice^difik ctf considerable height. Pieces were 
oontaniudly breaking off, and floating out to sea ; and a great fall 
happened while we were in the bay (January 17, 1775), which 
made a nciae like cannon.” He also calls attention to the bottom 
of the bays generally in this land being filled by glaciers, supplying 
an abundance of icebergs ; and it is easy to infer that, from amid 
the mountain cliffs among which these gl^iers find their way to the 
coast, many a fragment of rock may be ice-bome, and deposited at 
the bottom of the sea, remote from South Geor^a. Not a stream or 
a river could be seen throughout the whole coast explored, though 
it was visited in the summer of that region. Captain Cook also 
mentions bays full of glaciers, descending from the heights of 
Sandwich Land, discovered by him upon leaving South Georgia, 
on the south-east of that island.* 

Quitting the far southern land and remote islands, the climate 
is such in Tierra del Fuego, although comprised between latitude 
52° 30' and 56° S. (a range corresponding in the northern hemi- 
sphere with the position and distance between Birmingham and 
Edinburgh), that the line of perpetual snow occurs, according to 
Captain King, at between 3,500 and 4,000 feet above the sea 
in the Stnuts of Magellan, and that glaciers descend into the sea.t 
Mr. Darwin states that on the north side of the Beagle Channel (a 
remarkable strait, miming east and west across the southern part 
of Tierra del Fuego) the mountains are covered with perpetual 
snow, whence, in many places, magnificent glaciers descend to the 
water’s edge, fragments failing from them into the sea, and floating 
about as miniature icebergs. J He remarks that glaciers occm: at the 
head of the sounds along the whole western coast of tlfe southern 

* Cook’s « Voyage to the South Pole,” vol. ii., p. 224. He remarks also upon the 
flat surfaces, and even heights, of the icebergs in that region, some two or three miles 
in circumference, reminding us of the character of those off the great ice barrier near 
Victoria I^and. 

t Mr. Darwin gives the following table of the climate of Port Famine, Straits of 
Magellan, and of Dublin 





Winter 

Tempera- 

ture. 

Dilference. 

Mean 

of Summer 
and 

Winter. 

Dublin 

o f 

o 

o 

o 

o 

53 21 N. 

59*54 

39-3 

20*34 

49-37 

Port Famine 

53 38 8. 

50* 

33-08 

16*92 

41-54 

Difference . . . 

0 17 

9*54 

6*12 

3*42 

7*83 


X Darwin, “ Voyage of Adventure and Beagle,’* vol. iii., p. 243. 
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part of South Amoricaa^ It would appear that as far north aa f 
latitude 48® 30' S. glaciers advance into the sea. Eyre’s Sound is 
terminated by glaciers descending from the range of the Sierra 
Nevada on the east. Mr. Bynoe saw numerous detached masses 
of ice floating about, 20 miles from the head of the sound; and 
upon one, drifting outwards, found an angular block of granite, 
described as a cube of nearly two feet, partly imbedded in it, the 
ice thawed around.f Mr. Darwin directs attention to the occur- 
rence of a glacier at the level of the sea, even in latitude 46® 40' 
S., in the Gulf of Penas, reaching to the head of Kelly Harbour, 
pointing out that thus “ glaciers here descend to the sea within 
less than nmc degrees of latitude from where palms grow, less than 
two and a half from arborescent grasses ; and, looking to the west- 
ward, in the same hemisphere, less than two from orchideous 
parasites, and within a single degree of tree ferns. 

The transport of mineral matter by floating ice is not limited to 
portions of glaciers, broken off* where they have protruded into the 
sea, or to masses detached from great continuous ranges of* ice, 
such as the barrier off Victoria Land. Rivers, in regions where 
the temperature descends sufficiently low, remove no small portion 
of such matter by means of ice down their courses, and coast ice * 
distributes no inconsiderable amount of it in various directions. 
As regards the mode in which detritus may be conveyed by rivers, 
it may often be studied in our brooks and streams, when a sudden 
thaw suddenly fills them with water, lifting away ice which may 
bind gravel, sand, or pieces of frozen mud together, by their sides 
or in shallow places. According to the relative specific gravities 
of the detached portions of ice, stones, sand, and mud, will they be 
seen to move, some larger pebble, perhaps deeply set in its support 
of ice, trailing along, and leaving the mark of its passage on the 
bottom. Other portions will float more freely onwards, some 
acquiring rotatory motion, and, by grinding against each other, 


♦ Darwin, “ Voyage of Adventure and Beagle,” vol. iii., p. 282. Mr. Darwin 
observes (p. 283), In the Canal of the Mountains no less than nine (glaciers) descend 
from a mountain, the whole side of which, according to the chart, is covered with a 
glacier of the extraordinary length of 21 miles, and with an average breadth of 
1 i mile. It must not be supposed that the glacier merely ascends some valley for the 
21 miles, but it extends apparently at the same height for that length, parallel to 
the sound, and here and there sends down an arm to the sea-coast. There are other 
glaciers having a similar structure and position, with a length of 10 or 15 miles 
(Tierra del Fuego). 

t Voyage of Beagle,” vol. iii,, p. 283. Mr. Darwin calls attention to this sound 
being in a latitude corresponding, in the north, with that of Paris, and also to an 
“ Iceberg Sound,” as given in the charts still further north, 

X Ibid,, p. 285. 


R 




242 


TRANSPORT OF OETRITUS BT RIVER ICE. [On. XIH. 

parting with some parts of their load> especially the heaviest, while 
here and there they become jammed in the narrower parts of the 
stream, and strand^ upon shoals, there remaining, in great part, 
until, the thaw proceeding, the ice melts, and the detrital matter 
is dealt with by the stream in the usual manner.* 

The transport of mineral matter which may often and easily be 
seen in this minor manner, under the fitting conditions, is but 
carried out upon a larger scale in many great rivers, where the 
relative magnitude of the effects produced more engages our atten- 
tion, especially when those objects to which we attach interest 
are endangered or sustain injury. In the regions where ice is 
common upon great rivers during part of the year, and that part of 
the year the time when the water supply is the least, and the 
river level the lowest, the fragments of rock, pebbles, sand, and 
mud of the sides, and shoal groimds become, as it were, a piece of 
the main sheet of ice, should it extend entirely over the river, or 
of such portions of one as may exist. These are ready to be 
broken off, lifted, and borne down the stream as the waters of the 
river rise before any general increase of temperature melts the ice 
upon the banks, shoals, or general surface of the river. It will 
be obvious that the transport of detritus will depend upon 
circumstances, as in the little brooks, and that while some 
portions are carried long distances, others will be left in various 
situations; sometimes fragments of rock being carried to, and 
accumulated in, situations where the ordinary force of the river 
cannot readily dislodge them, and indeed sometimes be altogether 
insufficient for the purpose. We have various accounts of detritus 
so borne downwards in rivers by means of ice. In the St. Law- 
rence there would appear to be good opportunities of studying the 
transport of mineral matter on the large scale. Captain Bayfield 

* It is while studying the effects of ice in the brooks and minor streams that an 
observer may sometimes see the formation of ice at the bottom. M. Arago, whose 
attention this subject has engaged, remarks respecting it Annuaire du Bureau des 
Longitudes pour 1833,” p. 244), that the movement of these running waters mixes 
those of different temperatures and densities, so that when the whole is at the freezing 
point, the pebbles and other substances at the bottom of the brook constitute so many 
projections, as in a saline solution, and thus ice is formed upon them. The ice thus 
produced is spongy, from the crossing and confused grouping of its crystals, the move- 
ment of the water preventing an uniform arrangement of parts. The ice accumulates, 
and gradually envelopes numerous pebbles and other substances, and will rise to the 
6urfQi,ce with its mineral load if the general specific gravity of the whole will permit. 
M. Leclercq has observed (“ Memoires Couronnes par I’ Academic de Bruxelles,” tom. 
xiii. 1845) that the ice is first formed upon the face of the pebbles or other objects 
opposed to the current of water, and that, although a rapid flow of water contributes 
to the first production of the ice, the increase of ice is in projmrtion as the movement 
of the water is moderate, the extreme cold considerable, and the sky clear. 
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has pointed out that there, where the temperature in winter 
sometimes descends 30® below zero (Fahr.), large boulders are 
entangled in the ice, and carried considerable distances upon the 
surface of the water in the spring. Shoals are thickly strewed 
with them.* Conditions being favourable for keeping blocks and 
fragments of rock in the lower part of the river ice, thus carried 
onwards, and indeed often driven forwards rapidly, wherever the 
general masses grated upon any bottom, over which they could be 
forced by the volume of water behind fand heavy piles of ice some- 
times accumulate, obstructing the free flow of the waters), much 
scratching and furrowing would be expected, according to the 
relative hardness of the rocks passed over and of the ice-bome 
fragments, to the pressure of the mass of ice and detritus, and to 
the velocity with which that mass may be driven upon the rocky 
ledge or shoal. Fragments of rock, set in the ice, and grating 
against vertical cliffs rising from comparatively deep water, such 
as frequently occur on the bends of rivers, would also horizontally 
scratch and abrade the rocks, according to their relative hardness, 
the ordinary river action not removing these marks, though they 
may become obliterated by atmospheric influences at lower states 
of the river, especially where the cliff-rocks were composed of 
somewhat incoherent materials. Thus while some ice-supported 
boulders and fragments of rocks were grooving and furrowing 
the horizontal surface of a ledge of rocks at h (fig. 95), and others, 
encased in ice, were borne down the river at the same time, 
scratching and wearing away the vertical cliff at <?, another collec- 
tion mig^t be leaving permanent traces of its passage upon pre- 
viously ice-borne boulders, accumulated from local causes at a. 


Fig. 95. 



It is interesting to consider that by such means large rounded 
portions of rock, with minor pebbles, mgy thus be borne towards 
the Gulf of St. Lawrence, and be thrown down, after being 
scratched in their pass^e over hard ledges of rock, or over boulders 
in shallow water, in situations where such marks would not be 
removed by any attrition to which they would be exposed under 
existing circumstances, there accumulating with finer detritus, even 
mud deposited from water in which it had been held in ordinary 

Bayfield, Proceedings of Geolog. Soc. of London*’ (IS36), vol. ii., p.223. 
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and heairy stranded boulders in shallow situations might be accom- 
pliidied, and the boulders and pebbles by which this was effected be 
themselves often also scratched^ carried onwards under favourable cir^ 
cumstances, and be deposited, with these marks still upon them, 
amid fine sediment in depths beyond the reach of wave or breaker 
action for the attrition necessary to remove such scratches. 

The great rivers of Northern Europe, Asia, and America de- 
livering themselves into the Arctic Sea, flowing as they do from 
milder into colder climates, present us with the conditions for the 
formation of ice sooner, and its continuance later at their 
embouchures than towards their origin. The effects produced 
are especially interesting, inasmuch as when, from tlii" melting of 
the snows and ice on the southward, floods arc produced, these 
meet with the obstruction of the ice towards the mouths of’ rivers. 
In consequence, it not unfrequently occurs, that the resistance of 
the ice being suddenly overcome, it is violently upheaved and 
broken, and in parts thrown aside, with any masses, or minor 
fragments of rocks attached to it. Sir Roderick Murchison has 
pointed out the banks of rock-fragments thus produced on the 
sides of rivers in Russia, and especially notices the fluviatilc 
ridges of angular blocks towards the mouth of the Dwina. White 
caiboniferous limestone there occurs (about 110 versts from Arch- 
angel), and the waters of the river entering amid its chinks and 
joints, separates them when frozen, so that subsequently they are 
entangled in the ice adjoining the banks, and arc thus carried 
with it.* By the sudden rise of waters thus caused, mapy a block 
of rock must be borne over low ground, stranded on shoal water, 
or be occasionally carried seawards, and thrown down amid fine 
sediment, the conditions for the transport of which outwards 
would be increased during these sudden discharges of water. 
The crashing and jamming Jpgether of the broken masses of ice 
would be highly favourable to the scratching and scoring of blocks 
and fragments of rocks entangled among them, and such blocks 
and fragments may alsa be often transported to situations where, 
under existing circumstances, the markings thus produced would 
not be obliterated. 

♦ Murchison, “ Geology of Russia in Europe and the Ural Mountains,*’ vol. i., p. 
567. He quotes M. Bhhtlingk aa noticing large granitic boulders, weighing several 
tons, entangled in the branches of pine trees, 30 or 40 feet above the level of the 
streams. Speaking of blocks of rock ice-borne down rivers, Sir Roderick Murchison, 
after noticing their modes of transport and deposit, remarks, that old drift from the 
north may thus be brought back to the northward by the rivers, p. 565. 




Wnen we coimaer state mrcimts Hut regions wbiui^ 
the temperature falls sufficiently low during a p^ of ihe jeH 
that ice is formed upon them, entermg amid &e substanoes of 
which they aio composed, and bmding blocks of rock, diingles, 
sand, and even mud, with the rem^ of any marine animals 
there occurring, into one solid mass, we see that when the warmer 
season in such regions comes round, mineraT matter may be 
readily removed from one place to miother upon the breaking uf 
of the coast ice. 

Upon die breaking up of this coast ice, which sometimes resU 
on shallow ground, and at others covers deep water, we should 
expect much grinding of the masses on the shore, scratching and 
grooving the sides of cliffs and shallow rocky bottoms, wher 
shingles or other fragments of rock are frozen into the ice, so as k 
be brought into contact with the one or the other * The force 
employed would appear to be often very considerable, great sheet! 
of ice being set in motion, and being driven with tremendous 
crashes against the land, so as not only to act upon shore ice, in 
which rock fragments and shingles may be embedded, thus press- 
ing them heavily against bare rocks, but also forcing beaches 
before them, grinding the pebbles and boulders against each other, 
and upon exposed rocks, by which both may be scored and marked. 
In this manner friction marks may be produced, which in some 
situations may not be very readily removed by the ordinary rounding 
and smoothing of breaker action. 

When an observer studies the maps and charts which we as yet 
possess of the northern seas of America, Europe, and Asia, he will 
find enough to show him that portions of beaches may readily be 
removed upon the breaking up of ice from the coasts, and be 
transported to other situations, where, upon the melting of that ice, 
they may be thrown down in depths amid any fine detritus there 


* M. Weibye, of Kragero, is quoted by M. FrapoUi (“ Bulletin de la Sooietd 
Geologique de France,” 1847), as inferring, respecting the marks left by the block- 
and-shingle-bearing ice of the Scandinavian coasts, that on those bordering the sea in 
the Bradsbergsamt, the scratches and furrows on horlsontal, or nearly horizontal 
surfaces, take a direction always perpendicular to tlie general Une of coast in open 
bays, and always parallel to the range of the channels in narrow fiords, that the 
horizontality or the greater or less inclination of the scratches on the inclined or 
vertical surfaces depends onf the relief of the coasts of the locality, and always 
corresponds with this relief and with the action of the different winds.” M. FrapoUi 
liimself also calls attention to the effects of coast ice armed with blocks and pebbles 
of rock, driven about in numerous fragments by the storms of winter and spring, and 
grinding against the clit& of Scandinavia, polishing and scratching the rocks according 
to their surfaces and position, the cliffs scratched in horizontal Unes along the fiords 
and in other similiar positions. ^ 




246 GEOLOGICAL EFFECTS OF COAST ICE. [Ch. XTII. 

accumulating. Should any of their component pebbles or fragments 
of rock have been so acted upon as to be scratched before they were 
thrown down, they would retain those marks amid the fine deposits 
in such depths. As ice adheres to coasts in many localities during 
winter, upon which, from the ordinary action of the sea on shores, 
breakers throw whole and broken shells of molluscs and other 
marine animal remains during the summer, these remains would bo 
liable to be entangled in portions of beach removed by the ice, and 
be scattered over various depths of water, in the same manner as 
the transported mineral matter, and thus tlie remains of littoral 
molluBcs, often in fragments, may be dispersed amid a mixture of 
mud, and ice-borne blocks, and fragments of rock accumulating in 
deep water. 

In tidal seas account has to be taken of the movement of ice in 
estuaries, and in those long deep loughs or arms of the sea, in Nor- 
way termed up and down which the Hood and ebb tides are 

felt according to circumstances. Coast ice, borne backwards and 
forwards by the tide, and having pebbles and fragments of rock so 
set in it that they can grind upon or against bare rocks, spread 
horizontally or rising vertically, or nearly so, in the estuaries and 
fiords, could scarcely fail to become an instrument of importance in 
the scratching and grooving of such bare rocks, these markings 
being also, especially in the case of the cliffs, not easily removable. 
This action continuing through many successive ages, certain kinds 
of rocks might, in favourable localities, retain marked scratches and 
grooves thus produced, independently of the influence of winds 
driving the fractured coast ice about against lines of coast, upon the 
breaking up of such ice. Fragments of ice and any minljral matter 
they may sustain arc thus piled up at the bottom of bays or in 
shoal water, a combination of a heavy on-shore gale of wind and a 
spring tide leaving many a fragment of rock in a situation whence 
it could not readily be removed under ordinary circumstances. 

No small amount of rounded boulders and pebbles of various 
sizes may thus become strewed near coasts, or be mingled beneath 
deep water with the angular fragments which have either been 
transported by icebergs, broken off* the terminal portions of glaciers. 


The channels which divide Tierra del Fuego Into its many islands, and the Straits 
of Magellan separating it from the mainland of America, with the very numerous in- 
dentations and channels found between the east entrance of the Straits of Magellan 
and the Gulf of Penas, and into which glaciers often descend, and ice floats about, 
would appear to be frequently very deep and steep-sided. In mid-channel, eastward 
of Cape Forward, Captain King found no bottom in the Straits of Magelian with a 
line of 1,536 feet. 
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or which may have fallen from cliffs upon coast ice, with the 
addition even of the remains of littoral or shallow-water molluscs, 
or of other marine animals, such as the bones of fish, whales, and 
seals carried off by the coast ice. A good example of the removal 
of a block of rock by coast ice, so far from the polar regions as 
Denmark, is mentioned by Dr. Forchhammer, who states that one, 
about 4 to 5 tons in weight, and resting on the shore, was encased 
in coast ice during the winter of 1844, and carried out to sea with 
the ice in the following spring, leaving, as it moved seaward, a 
deep furrow in the sandy clay of the shore, not quite obliterated 
six months afterwards.* ^ 

As modifying the accumulations which may be formed on the 
bottoms of seas liable, from time to time, and, sometimes, as a 
whole, periodically, to sustain icebergs grounded upon them, the 
observer has to b^r in mind that not only may the icebergs, by 
being forced against banks, jumble together, and singularly mingle 
beds of clay and sand, even occasionally adding transported fragments 
to the disturbed mass, but also act as rocks round and amid which 
streams of tide, or sea-currents, may become for the time modified. 
We should expect this to be most experienced in the regions where, 
from the general intensity of the cold, the icebergs could the longest 
remain. Sir James Boss mentions that the streams of tide were 
so strong amid grounded icebergs at the South Shetlands, that 
eddies were produced behind them,t so that, as far as such streams 
were concerned, they acted as rocks. Navigators have observed 
icebergs sufficiently long aground in some situations, that even 
mineral matter mi^ht be accumulated at their bases in favourable 
situations'while streams of tide may run so strongly between others, 
that channels might be cut by them in bottoms sufficiently yielding, 
and at depths where the friction of these streams could be ex- 
perienced. Much modification of sea-bottoms might be thus pro- 
duced by grounded icebergs, not forgetting those seasons of the 
year when many become joined together by ordinary sea-ice, con- 


* Forchhammer, Bulletin de la Societe Gcologique de France,” 1848. He observes, 
respecting the transport of blocks and pebbles on the coast of Benmark by coast ice^ 
that although the latter envelopes the blocks and pebbles on the shore, to enable 
these to be borne away, it is necessary that the thaw or rupture of the ice should 
coincide with a rise of the waters. Bespecting blocks and fragments of rock borne 
out by the ice from the Baltic, by means of the current setting through the Kattegat 
in the spring, Dr. Forchhammer mentions that, in 1844, a diver found the remains of 
an EngUsh cutter, blown up during the bombartoent of Copenhagen in 1807, covered 
by blocks, some of which measured from six to eight cubic feet. The same diver 
affirmed that all the wrecks he had visited in the roadstead of Copenhagen were more 
or less covered by rock fragments. 
t Boss, Antarctic Voyage.” 
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stitutiBg part of a mass to be dealt with on the large scale, when 
such ice is broken up. However firm the grounded icebergs may, 
like so many anchors, often tend to hold the main mass, it is not 
difficult to conceive that conditions arise by which many are 
dragged, cutting and ploughing up the sea-bottoms in their courses. 

Ice thus transports portions of rocks, cither in the shape of 
glaciers, descending under the needful conditions in various extra- 
tropical regions, as floating ice down rivers, as coast ice, as frag- 
ments of glaciers descending into the sea, or as masses which, 
having been aground, capsize, and bring up a portion of the bottom 
on which t^ey previously rested. Huge fragments of rock arc by 
these means moved to distances from their parent masses, of which 
no other known power, now in force on the surface of our globe, 
appears capable. It has been seen that glaciers increase and de- 
crease according to the variations of the climates under which they 
are formed. What the amount of that increase and decrease may 
be under the conditions now existing, and where glaciers have been 
noticed, seems not well ascertained, though the differences in their 
volume and extent would appear to have been greater than was 
once supposed. Be that as it may, they distribute rock fragments 
outwards from mountain regions, these generally angular, unless 
ground between the glacier sides and bottom, the larger blocks and 
I’ragmcnts remaining where the glaciers left them, while minor 
portions and finely -comminuted mineral matter arc thrown into the 
torrents and rivers, to be disposed of by them according to their 
powers. River ice may carry detritus entangled in it, distributing 
the mineral matter over areas corresponding ^with their courses, 
and which may be sufficiently flooded by them, transporting many 
a block and fragment which the power of the stream could not 
otherwise have moved. With the exception of rock fragments, 
which may have fallen from cliffs overhanging* the rivers and not 
afterwards have been rounded, which may have been broken up 
from the sides in the manner previously noticed (p. 244), or which 
may have been lef t by some prior geological condition of the area, we 
should expect much of the detritus borne down by river-ice to be 
composed of the ordinary pebbles, sand, and mud of river courses. 

The sea deals with any ice-borne detritus received from rivers, 
or from the coasts, according us it is tideless or tidal, and as the 
portions into which these are carried may be in movement as sea 
and ocean currents, or the ice be acted on by the wind. Looking 
at the northern regions, where rivers of sufficient importance 
discharge themselves, carrying ice outwards, and coast ice is 
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common, it my be antidipated that much coast 
rounded river pebbles, lumps of the frozen mud, and sands m 
estuaries, the occasional remains of marine animals, and now and 
then those of terrestrial animals, suddenly swept outwards by the 
river floods, would be strewed about upon the sea-bottom. Many a 
bone of elephants, rhinoceroses, and other animals, imbedded in the 
mud, sand, and gravel, of these re^ons, may also, after having 
been washed out of the beds which contained them, be ice-borne 
into the sea, and be mingled with remains of existing animals. Tc 
these may be added angular fragments carried out by the ice oi 
rivers, or borne by coast ice from beneath clifis whence such frag- 
ments have fallen upon it, independently of those carried intc 
parts of the same seas by icebergs detached from the terminal pari 
of glaciers. 

Although the arctic seas are so shut in by the lands of Americj 
and Asia, a comparatively small opening (Behring’s Strait) onl) 
occurring between them, a space sufficiently wide exists betwcci 
America and Europe, notwithstanding the interruption presentee 
by Iceland, to permit the escape outwards of a certain portion of 
ice. We have seen that over the bottom of part of the North 
Atlantic blocks and fragments of rocks, with minor detritus, are 
now being strewed, without reference to its inequalities. In the 
antarctic seas very difierent conditions present themselves. Great 
rivers bearing ice-borne blocks and fragments of rocks, with minor 
detritus, arc not found. The land, now commonly supposed to 
occupy so large an area in the South Polar regions, supports little 
else than water in its solid form, and the coast, for the most part, 
seems so 'encased By huge icy barriers, that common coast ice 
would there appear considerably limited, as compared with the 
arctic regions, in its power to carry off rounded boulders and 
shingles. Such glaciers as reach the sea, transporting fragments 
from the inland cliffs amid which they may move, would appear 
the principal agents in carrying mineral matter directly from the 
land, allowing for a portion transported by coast ice. The ice 
aground off Victoria Land would nevertheless appear to have the 
power of transporting much detritus when broken up into icebergs 
and upset, strewing blocks and minor fragments, sand and mud, 
over a part of the Southern Pacific, The South Shetlands, 
South Orkneys, South Georgia, Sandwich Laud, and the lands 
more or less encased with ice between the South Shetlands and 
Victoria Land doubtless also contribute, by means of glaciers, coast 
ice, and probably also, as capsized grounded ice, blois and fing- 
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ments of rock (some rounded), sand and mud, to the bottom of the 
Southern Atlantic, and the ocean southward of Africa and Austra- 
lia. The southern portion of America adds its glacier-borne frag- 
ments, and thus, both on the north and on the south, portions of 
rocks, formed in the colder, are ice-borne, and left beneath the 
seas of the more temperate, regions of the earth. 
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UVFLUUNCe OK A OENKIUL INCBEASE OP COLD. — MODIFICATIONS OP TEHFE- 
KATUUK KKOM CHANOliS IN THE DiSTBIBDTlON OF LAND AND SEA. — 
KIIKATIC DLOCKS, — EFFECTS OF OBADUAL RISE OF THE SEA BOTTOM 
STREWED WITH ICE-TUANSI'ORTED DETRIT08. — EFFECTS OF A SUPPOSED 
DEPRESSION OF THE BRITISH ISLANDS. — INCREASE OF ALPINE GLACIERS. 
— TRANSPORT OF ERRATIC BLOCKS BY GLACIERS. — FORMER EXISTENCE OF 
OI,ACIERS IN BRITAIN. — ELEVATION OF BOULDERS BY COAST ICE DURING 
SUBMERGENCE OF LAND. — ERRATIC BLOCKS OF THE ALPS.— ERRATIC 
BLOCKS OF NORTHERN EUROPE. — ERRATIC BLOCKS OF AMERICA. 

The geological effects now due to ice being as previously repre- 
sented, it becomes desirable to consider those which would probably 
arise either from a general diminution of temperature on the 
surface of the globe, or from partial changes of that temperature. 
With respect to the &rst we have to look to some general cause 
common to the whole globe. Whatever the conditions for ihe dis- 
tribution of temperature may have formerly been, we see that the 
inlluencc!H>f the suli now causes the heat of the tropics, and the 
different exposure of the polar parts of the earth’s surface to it, the 
great variations of seasons there experienced. Any changes of 
sufficient importance, therefore, in the influence of the sun, which 
should produce a corresponding change on the face of the earth, so 
that the line of perpetual snow, as it is termed, should descend 
lower towards the sea in the equatorial, and cut its level at less 
high latitudes in the polar r^ons, would materially alter the 
climates of many parts of the world. Gfeologictd effects due to 
ice would be more widely spread tlian they now ate, and the 
equatorial space within which ice-transported masses of rock and 
other detritus cannot be borne, would be more limited. Glamers, 
where they could be formed, would not only become more extended 
than they now are in certain mountainous r^ons, but ranges 
of mountiuiiSi amid which they do not at piesmit occur, the line of 
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perpetual snow not descending sufficiently low, would contain 
them ; so that, in the one case, mineral matter would be distributed 
by them over a wider area ; and in the other, over districts where 
no transport of the kind exists at the present time. Fragments 
angular, subangulai*, and rounded, would be distributed by river- 
ice and coast-ice, where none such are now formed, and sea-bottoms 
would then be strewed over by them, where, at present, nothing of* 
the kind is carried. Animal and vegetable life would be adjusted 
to the new conditions (that adapted to the colder climates of the 
earth moving more towards the equator), its remains, at least such 
as were preserved, spreading over those of the animals and plants 
which flourished in the same regions under higher temperaturea 
The like general effects would be expected if, without supposing 
a diminished influence of the sun, our whole solar system, moving 
through space, should pass from the temperature now inferred to 
be that of the portion amid which that system takes its course 
(p. 206) to one less high. And it may well deserve the attention 
of the geologist to consider the effects which would follow such a 
change, even to the amount of a few degrees, as commonly 
measured by thermometers. In liis observations on the distribution 
of masses of rock, apparently ice-borne to their present positions, 
and about to be noticed, it is very desirable that he should regard 
the subject generally as well as locally, so that, whatever may 
eventually appear the right inference to be drawn from the facts 
recorded, such as may bear upon the former should not be omitted in 
the search for the latter. As regards the evidence of many climates 
having remained much the same, with certain modifications, during 
those comparatively few revolutions of our plariet round fiic sun, of 
which we have any records, and from which we may infer that the 
climates generally of the surface of the globe have not suffered 
material alteration since the historical period, as it has been termed, 
the geological observer will soon perceive that he Is forced to con- 
sider it as affording him very limited aid in his inquiries respecting 
the former climatal conditions of the earth. 

The present different conditions as to the production of ice 
capable of transporting mineral matter, in the manner above 
noticed, in the northern and southern cold regions of the globe, 
are sufficient to prove that partial changes of great importance may 
arise from differences on the surface of the earth itself. Every-day 
experience in geological research will show the observer that he 
has to consider the surface of the earth to have been in an unquiet 
state from remote geological times to the present, and that while 
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be BO often stands, amid stratified deposits, on anment scarbottoms 
now elevated to various altitudes a^vc the oecan levd, many a 
region shows that its area has more than once been beneath that 
level and above it. Thus, although a mass of land may now rise 
above the sca-lcvcl at the South Pole, separated by a bro^ band of 
ocean from other great masses of land to the northward, producing 
certain eilccts as regards the climate of that part of the globe, and 
the northern polar regions are otherwise circumstanced, it by no 
means follows that such has always been the case, even in more 
recent geolc^cal times. If we change the conditions of the two 
polar regions, a difference of results is obtained of an important 
geological character. Mr. Darwin has skilfully touched upon the 
effects which would follow such a modification of conditions, 
and which require to be borne in mind in researches of this 
kind.* 

In like manner any elevation or depression of a considerable area 
of dry land, which should raise parts of it above, or lower others, 
now above, beneath the line of perpetual snow, would produce mo- 
difications in the transport of mineral matter which could be efiected 


* He transports, in imagination, parts of the southern region to a corresponding 
latitude in the north. *^()n this supposition,*’ he observes, in the southern 
provinces of France, magnificent forests, intwined by arborescent grasses, and the 
trees loaded with parasitical plants, would cover the face of the country. In the lati- 
tude of Mont Blanc, but on an island as far eastward as Central Siberia, tree-ferns 
and parasitical orchidess, would thrive amidst the thick woods. Even as far north as 
Central Denmark, humming birds might be seen fluttering about delicate flowers, and 
parrots feeding amidst the evergreen woods, with which the mountains would be 
clothed dow'n to the water’s edge. Nevertheless, the southern part of Scotland (only 
removed twice as far to the eastward) would present an island almost wholly 
covered witHkcverlasting %now, and having each bay terminated by ice-clifib, from 
which great masses, yearly detached, would sometimes l)ear wdth them fragments of 
rock. This island would only boast of one land-bird, a little grass and moss ; yet, in 
the same latitude, the sea might swarm with living creatures. A chiun of mountains, 
which wo wili call the Cordillera, running north and south, through the Alps (but 
having an altitude much inferior to the latter), would connect them with the central 
part of Denmark. Along this whole line nearly every deep sound would end in < bold 
and astonishing glaciers.* In the Alps themselves (with their altitude reduced by 
about half), we should find proofs of recent elevations, and occasionally terrible earth- 
quakes would cause such masses of ice to be precipitated into the sea, that waves, 
tearing all before them, would heap together enormous fragments, and pile them up 
in the comer of the valleys. At other times, icebergs, charged with no inconriderable 
blocks of granite, would be floated from the flanks of Mont Blanc, and then stranded 
in the outlying islands of the Jura. Who, then, will deny the possibility of these 
things having taken place in Europe daring a former period, and under dreumstanccs 
known to be ditferent from the present, when, on merely looking to the other hemi- 
sphere, wo see they are under the daily order of events ?** Mr. Darwin then calls 
attention to the island groups, ** situated in the latitude of the south part of Norway, 
and others in that of Ferroe. These, in the middle of summer, would be buried 
under snow, and surrounded by walls of ice, so that scarcely a living thing of any 
kind would be supported on the land.’*— Narrative of tho Surve)ing Voyages of the 
Adventure and Beagle, vol. Hi. p. 291. 
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by ice. If the re^on comprising the Alps were raised 3,000 feet 
above its present relative level, the area fitted for the formation of 
glaciers would be greatly extended, many a valley would be filled 
with ice, and many a mountain would contribute its glacier, not so 
filled or contributing at the present moment. Blocks and minor 
firagments of rocks would be ice-bome over, and left at distances 
from the main range not now attained ; and, under the supposition 
of a gradual rise of land, many modifications would attend the 
change in the perpetual snow line, whence the glaciers for the time 
took their rise. Many a ravine and mountain side would be grooved 
and scratched not now touched by glaciers, and huge masses of rock 
be accumulated in heaps or lines, in localities where no ice now 
transports such masses. Assuming a depression of the same area* 
if we take the present relative levels only into consideration, the 
transport of glacier-bome blocks and fragments of rock, with tlie 
polishing, grooving, and scratching of valleys and their sides by the 
moving ice, would be limited to the areas now occupied by glaciers, 
duly allowing for their extension and contraction within the range 
of the present dimatal conditions. 

Thus, by the elevation and depression of large areas of dry land, 
very varied conditions for the existence, extension, or contraction 
of glaciers, with their geological consequences, may arise, without 
reference to those due to floating ice, excepting such as coidd be 
formed in great lakes, such as that of Geneva, for example, where 
effects similar to those observed in northern America would be 
produced. On the shores of such lakes coast ice would be formed, 
cnclosmg fragments of the rocks, and the shingles of beaches, to be 
borne away, should circumstances permit, if raised to w altitude 
permitting a depression of temperature sufficient for the production 
of such ice. There is also no difficulty in imagining conditions 
tmder which glaciers could protrude into large fresh-water lakes, 
carrying rock fragments with them, and having their extremities 
broken oflf and floated away with their detrital loads, under proper 
depths of water, as now t^es place in the sea in the polar regions. 
Such masses of ice, though not moved onwards by streams of tide or 
ocean currents, would still be imder the influence of the winds, 
to be driven to, and stranded in nunor depths, where the ice could 
melt, and leave any blocks or fragments entangled in or resting 
upon them. 

With respect to the distribution of ice-bome blocks of rock upon 
lakes. Sir Bixlerick Murchison has called attention to effects which 
would follow the lowering of lakes in regions where ice could be 
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formed of sufficient thickness and importance for the transport of 
detritus.* 

When the depression of an area of dry land, with the needful 
modifications of surface, in climates where glaciers had been formed, 
was such that the sea entered%mid the valleys in which these streams 
of ice occurred, the change might or might not, according to the 
general climatal conditions produced, affect the glaciers. Should 
the change in the northern be of an order to introduce the climate 
of the southern hemisphere, it has been above seen (p, 240), the 
cold might be so increased, that Alpine glaciers became more 
extended, delivering icebergs into surrounding seas, so that, as 
Mr. Darwin has remarked (note, p. 253), they might float away, 
and be stranded on the Jura, then an island range. 

Hitherto we have regarded these alterations of level as slowly 
prcxluccd, so that the changes, of whatever kind, were gradual, 
causing no sudden alteration of conditions. This, however, is far 
from necessary in geological reasoning, there being evidence con- 
nected not only with actual mountain ranges, but also with many a 
district wherein the rocks are broken and contorted, which would 
lead us to infer, with every allowance for the repeated effects 
resulting from the multiplied application of minor forces, that con- 
siderable forces had ofiben been somewhat suddenly called into action. 
The waves produced during the disturbances of the land, known to 
us as earthquakes, and which will be noticed hereafter, are sufficient 
to show how, in that mode alone, glaciers, protruding into the sea, 
or great lakes of fresh water, may be lifted at their ends, and their 
fragments, with any load of detritus they may sustain, be whirled 
about and Stranded m uniisual situations. Greater waves would 
produce greater results, and when we unite them with land suddenly 
depressed beneath the sea-level, even only a few hundred feet, in 
such regions as those of Victoria Land and South Georgia, or of 
Greenland and Iceland, we have the means of removing ice and 
producing a complicated mixture of blocks and minor fragments of 
rock of great geological importance. In like manner, the sudden 
elevation of land, covered by snow and glaciers, if accompanied by 
the transmission of heat through fissures then formed, or by the 
increased temperature of the supporting mineral matter from the 
protrusion of igneous rocks among it, so that the snow and ice were 
suddenly and in part melted, would be productive of no slight 
geologi^ effect, more especially if the glaciers of the land so acted 
upon protruded, or nearly so, into the sea. 

** Geology of Russlii in Europe and the Ural Moantains,’’ yoL i. p. 568. 
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Huge blocks of rock, often angular, are found scattered in such 
a manner over parts of the northern portions of Europe and America, 
and again in part of South America, and amid and around moun- 
tainous regions, such as the Alps, that, comparing their mode ol* 
distribution with that now known to%3 taking place by means of‘ 
ice, attention has of late been very generally given to this explana- 
tion of their mode of occurrence. The masses of rock so found arc 
commonly termed Erratic BloekSy and correct observations respect- 
ing the conditions under which they are found are material to a 
right understanding, particularly as respects the northern hemi- 
sphere, of the manner in which they have been accumulated. 

As there are occasionally blocks of rocks scattered over a country, 
which are merely portions of some harder beds, interstratified with 
more yielding substances, or are the remains of dykes and veins of 
igneous rocks, the continuity and mode of occurrence of which 
may not be clear, the more readily disintegrated rocks having been 
removed by the effects of atmospheric influences, or breaker action 
at some prior geological time, die observer has in some districts to 
employ much caution as respects their origin. This is especially 
needed where the dykes or veins of the igneous rocks may have 
decomposed, as often happens, in an irregular manner, so that 
portions of the more unyielding, or harder parts, arc scattered about, 
while traces of the softer are not easily found. From the liability 
of certain igneous rocjks to decompose in spheroidal 1‘orms (fig. 2, 
p. 3, and fig. 7, p. 9), such blocks will sometimes present the false 
appearance ol’having been rounded by attrition, ns if' worn on some 
coast. Let, for illustration, a, 6, be a dyke of greenstone, liable to 
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unequal decomposition in different parts, at a decomposed in sphe- 
roidal portions, then during the loss of general surface upon the hill 
side efy the harder parts of the disintegrated portion, a c, might 
fall over towards s, and present the appearance .of rounded boulders 
of greenstone resting upon some other rock. Again, on the other 
side of the hill,/ g, there might also be angular firagments of rock. 
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h h, detached from the harder beds above them, driring a lees of 
matter from an old surface, f k. This kind of precaution has 
frequently to be taken in granitic regions, the blocks of granite often 
decomposing in a rounded form, so as, when scattered about amid 
bogs, and much disintegrated rock, to present the appearance of 
boulders rounded by attrition. 

The tendency to decompose in spheroidal forms has also to be 
sometimes well considered when it is inferred that such rocks, even 
when they are true erratic blocks, have been roimded by attrition 
before they were ice-transported. A block of granite, for example, 
such as that represented beneath, a (fig. 97), tiiough now rounded. 


Fig. 97. 

a 



may have been transported in a more angular condition, the removal 
of the angular parts having been eftected by decomposition, from 
atmospheric influences, since it occupied its present position. In 
this manner, rounded blocks of granite may be scattered down a 
mountain side, as in the following section (fig. 98), where granite. 


Fig. 98. d 



c, rising in a tor, d, above certain stratified deposits, b, has Mien 
in blocks, down the slope, a large rounded block presenting itself at 
a. Although it may We so happened that such a state of thix^ 
had been brought about by the motion of a glacier, leaving lateral 
moraines (other fitting conditions obtaining), or by coast ice carry- 
ing blocks of rock, it still becomes needful to ascertain tiiat such 
are not blocks Mien from the heights, and simply rounded by 
decompotition, which a careful examination of the granite at d, 
would cud in showing. 
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As tmder the hypolihetts of cold having once prevailed in the 
northern hemisphere, greater than at present, much of the land then 
submerged is now raised above the level of the sea, and consequently 
an upward movement of a large portion of northern Europe, Asia, 
and America inferred, it becomes of no slight interest to sec how 
far ice, in its various modes of occurrence, could be the means of 
producing the distribution of the rock fragments, often of great 
magnitude, there found. Assuming the submergence, it becomes 
desirable to see if its amount can be ascertained. There is always 
the diflSculty of knowing how much portions of rock, of various 
sizes, may have been rounded and left on coasts and in river courses 
over the older accumulations, anterior to this supposed ice or glacial 
period in the northern hemisphere. Giving this, however, its full 
value, we should expect, as tlie land rose and the temperature be- 
came gradually elevated to that which we now find, that, under 
certain favourable circumstances, glaciers which were previously 
cut off by the sea, floating away their terminal portions, might for 
a time become more extended over dry land, thrusting forward 
their moraines further than formerly. Thus the levels at which 
the remains of true terminal moraines could be foimd, might not 
give the amount of submergence sought, even supposing that they 
could be fairly separated fi:om other accumulations of rocks which 
they may more or less resemble. Coast accumulations of the time, 
if they could be traced, would be more certain guides. 

Still assuming a gradual disappearance of ice, up to the amount 
now found in the northern regions, and consequently the entire 
disappearance of many glaciers on lands, such, for example, as the 
British Islands, where they are supposed to have occurred at the 
glacial period, the various moraines, as also the polished surfaces, 
grooves, and scratches formed by the glaciers, would be gradually 
left to be dealt with by atmospheric influences, and the modifications 
and changes brought about by them, vegetation spreading over the 
land as the snow and ice disappeared. 

The land rising, and the deeper parts becoming more shallow, 
mud, previously beyond the action of the wind- waves moving on 
the surface, would be caught up in mechanical suspension, to be 
carried to more quiet situations by streams of tide (in tidal seas), 
or sea-currents, where these began to act. The same with the 
other portions of the sea-bottom: fragments of rock, of various 
forms and sizes, thrown down from portions of glaciers, river icc, 
and coast icc, as they floated above and gradually parted with them, 
rising with the rest. While much fine sediment would be separated 
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from the larger detritus, as the wind-wave action became more 
more felt^ so that much of this sediment might be removed fboin^ 
amid the larger detritus, bringing the portions of the latter gradually 
into closer contact, it would be when the sea-bottom came within 
the action of the breakers, that the chief modifications of sudi 
previous sea-bottom would be effected. The new coasts would be 
adjusted to the conditions arising from their exposure to the force 
of the breakers, and the rise and fall of tides, where these were 
felt, and the angular fragments which had reposed quietly at the 
bottom, in the manner above noticed (p. 230), would be brought 
within the action of the breakers, to be rounded by attrition, 
large blocks standing out as many rocks now do on the sea-coasts. 
While previously ice-bomc and rounded blocks and shingles would 
again be more worn, the angular fragments would be more or 
less rounded by the same action, according to their exposure to 
the breakers. Lines of beach would be thrown up in the usual 
manner, sandy or shingly, according to circumstances, and be left 
and be modified by atmospheric influences as the land rose, and 
the drainage of the old sea-bottom became adjusted to its various 
levels and inequalities of surface. 

Under such circumstances, very variable results would be pro- 
duced as conditions changed, and the component portions of the 
old sea-bottom were partly removed and partly left ; dispersed icc- 
borne fragments of rock, rounded or angular as the case may have 
been, brought together, the angles of the latter sometimes com- 
pletely rounded by breaker action, at others not much injured ; the 
shells of molluscs and the harder parts of other marine animals 
sometira^ removed and redeposited in a nearly uninjured state, at 
others, broken into fragments, and variously arranged amid the new 
accumulations of mud, sand, shingles, and boulders. Should there 
have been a tendency, under the old conditions of the sea-bottom, 
to have glacier ice, loaded with rock fragments, or coast ice, bearing 
away shingles, boulders, and also angular blocks floated away in 
particular directions, dropping their mineral burdens in lines, upon 
that bottom, such lines, as it rose, would be preserved according to 
circumstances. However separated largo blocks might be by aliy 
other deposits effected during their gradual accumulation, there 
would be a tendency to remove the finer sediment from among them, 
so that they would finally present the aspect of lines, often, when 
the blocks were very thickly thrown down from the ice, forming 
ridges. Such ridges would, however, be acted upon by breakers 
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rise the land» so detritus might be strewed upoa 
them bk ih» maimer of beaches^aiid thus a ooBiplicated arrangement 

of parte bo product* 

During such changes, icebergs derived from glaciers would float 
about until the parent glaciers either disappeared or became 
separated from the sea» and the coast ice formed would become 
graduaDy limited in its production up to its present adjustment. 
Various new modifications would arise from the formation of coast 
ice, as also from the river ice, as the drainage of the old land 
ibund its way amid the new land, with the rain and spring waters 
of the latter, to the sea. Many blocks of rock would be caught 
up on the coast, and be transported elsewhere, as was the case 
with the block on the coast of Denmark, mentioned by Profcss<tr 
Forchhammer (p. 247), and rivers flowing, in certain directions 
might carry back blocks of rock towards their parent masses, as 
noticed by Sir Bodcrick Murchison* in the manner that blocks arc 
now moved northwards by the Volkof and Msta. 

Under the hypothesis, therefore, of lower temperature ac- 
compamed by more sea, the bottom of much of which has since 
become dry land in the northern hemisphere, the observer has not 
only to study a wide range of country for evidence of the land 
supposed to be originally above the water, variously snow-clad, 
and fiimishing glaciers, the terminal parts of which, from time to 
time, floated away, with the coast ice and extension probably of 
ice barriers, but also the modifications which the old sca-bottom 
has undergone in its rise above the sea. Thus he would often 
have to separate, and duly weigh, much evidence which might, at 
first, appear somewhat contradictory as to erratic blocks having 
been transported by land ice or sea ice — as to the polishing, 
grooving, and scratching of subjacent rocks by the one or the other, 
and as to the original arrangement and rearrangement of many 
detrital accumulations. 

It may be instructive to consider the effects which would follow 
the submergence of the British Islands, and of an adjoining portion 
of France, to 1,000 feet beneath the level of the seas which now 
sUrroimd and adjoin them. And it should be noticed that of a sub- 
mergence to this, and even a larger amount at a comparatively 
recent geological period, there would appear good evidence. A 
glance at the accompanying map (fig. 99), which represents the 


* Geology of Russia in Europe and the Ural Mountains/* vol i., p. 565. 
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land that would, under this hypothesis, bo above water, will show 
numerous islands and islets variously distributed.'*' The largest 
amount of dry land would be found in Northern Scotland, and bo 
divided into two main portions by a strait, now occupied by the 
low ground and lakes between the Murray Firth and Loch Linnhc, 
Off those principal islands there would be many minor islets, chiefly 
on the south and south-west. In Southern Scotland there would 
also be a patch of dry land, of some size, and in Cumberland and 
Westmoreland another ; while a somewhat comparatively largo 
island would extend, in a north and south direction from West- 
moreland, by Yorkshire into Derbyshire. In Wales there would 
be much land above the level of the sea, with many detached islets 
there and in some parts of England ; among them the tops of the 
Malvern hills, which now at a distance present so much the ap- 
pearance of an island, t In Ireland there would be numerous 
islets, the chief island being formed by the Wicklow mountains 
and their continuation. From them, to the westward, many islets 
would rise above the sea. As a whole, the Irish islets would be 
principally gathered into two groups, one on the north, the other 
on the south. 

Taking this submergence, with a climate resembling that of 
Tierra del Fuego and South Georgia, so that such islands as were 
sufficiently high were snow-clad, glaciers would descend into the 
valleys, even occasionally reaching the sea, their terminal portions 
loaded with blocks and fragments, these floated off by the ice, and 
strewed over the bottoms of the neighbouring seas according to 
circumstances. And respecting the heights of the islands, many 
would rise to sufficient altitudes for these effects to be ‘produced, 
Lugnaquilla being still 2,039 feet above the sea, Ben Nevis 3,373 
feet, Skiddaw 2,022 feet, and Snowdon 2,571 feet. If to this we 
add the coast ice, with its effects as above noticed (p. 245), there 
would be no^want of conditions for the distribution, by means of 
ice, of blocks of rock of various sizes and kinds, and of fragments 

The light portions of the map represent the parts of the present land, which 
would appear above water if it were submerged 1,0U0 feet; the next shade will be 
readily recognized as the present outlines of the British Islands ; the darker shade cor- 
responds with the depth of 600 feet (100 flsthoms) around these Isluads, and the block 
portion witlythe deeper oceanic waters. 

t A study of the Malvern district is not only interesting as showing how long the 
Malvern hills retained their insular character during the emergence of the British 
Islands to their present relative level, but also as regards the island state of the same 
hills at a far more remote geological period, one anterior to the accumulation of the 
rocks commonly known to British geologists as the New Red Sandstone. A detailed 
account of this district is given by Professor John Phillips, << Memoirs of the Geo- 
logical Bury<^ of Great Britain,” vol. ii., part 1. 
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of all forms over the area now presented by the Britadi lidands, at 
various levels beneath that corresponding with an altitude of 1,000 
feet above the present sea level. While this was being aceomplished, 
the formation of moraines, and die polishing, grooving, and 
scratching of rocks, through the instrumentality of glaciers, would 
be effected above that level, up to altitudes where Racier action 
of that kind could be then felt At the sea level, and at such 
depths beneath it as its influence could be felt, coast ice would be 
the means of polishing, grooving, and scratching rocks exposed to 
its action ; icebergs would ground, produdng their e^ts, and 
such rivers as moved rocks by means of ice would add tireir ioe- 
transported detritus. 

A submersion of the British Islands to 1,000 feet beneath the 
present level — a change in the relative level of sea and land which, 
however startling it may be to those imaccustomed to geological 
investigations, the observer will soon learn to consider as one of a 
minor kind, — could scarcely fail to be accompanied with a sub- 
mersion of various adjoining portions of Europe. It is not needful 
to infer that the relative change of level was of equal amount 
through a very considerable area. It may have been greater in 
some regions, leas in others ; but let this have been as it nmy, such 
a change would probably bring about a very material differenee in 
the distribution of land and sea, as we now find it. Among other 
modifications, the Scandinavian re^ons might be brought under 
conditions by which, should currents permit, blocks and fragments 
of rocks, and of various sizes and forms, could be borne by icebergs 
or coast ice, and be distributed over the bottoms of the seas then 
on the souJhward of *them, some even being drifted to the area of 
the British Islands, mingling here and there with their own ice- 
distributed detritus. 

In such changes, not only has the geologist to bear in mind the 
different distribution of sea and land, but also the modification of 
tidal action and sea currents effected, duly giving attention to the 
probable extension of coast-ice, even, perhaps, sometimes amount- 
ing to great icy barriers. Though some value would have to be 
attached to the influence of the outstanding group of islands and 
islets then rising above the area now more extensively occupied by 
the British Islands, the waves of the Atiantic would roll over a 
large tract now forming a portion of Northern France, with 
Bel^um, Holland, Denmark, Northern Germany, and an extended 
area in Bussia. The conditions producing the action of the tides 
surrounding the British Islands being changed, others would arise 
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suited to the new arrangement of land and sea, and many a mass of 
ice in the Scandinavian regions, so long as it rested on sea-bottoms, 
would act as land in the modification of tidal streams and sea 
currents. 

How far the outlines of the land may have generally resembled 
the present at the commencement of these changes it would be 
difficult to say, since many modifications have been produced 
while such changes were effected, and the submergence may have 
commenced when more land was above the sea level than at 
present, somewhat more corresponding with the line of 600 feet 
now beneath the sea, around the British Islands, as in the plans, 
fig. 65 (p. 91), and fig. 99 (p. 261). Taking, however, the pre- 
sent distribution of sea and land as a guide, and looking chiefly 
to the production of ice (other consequences of submerging and 
emerging land being reserved, in a great measure, for subsequent 
notice), we have to consider an increase of cold on the one side, 
and a decrease of dry land accompanied by a loss of height, on the 
part still above water, on the other. For convenience we may 
regard these changes as gradual, the modifications arising from 
more rapid change being readily appreciated. 

The gradual increase of cold would tend to lower the line ol' 
perpetual snow over the dry land, while the rate of its descent 
down any mountain range would depend upon the rate of submer- 
gence of the land. They might balance each other. Should tlic 
rate of decrease of temperature be more rapid than would be compen- 
sated by the submergence, pre-existing glaciers would increase even 
during the descent of the land, and new glaciers would establisli 
themselves elsewhere under the needful conditions. * Assuming, 
however, the continued increase of cold, a time would come, even 
if the pre-existing glaciers did not much increase during the sub- 
mergence of the land, when those formed in Scandinavia could 
reach the sea, as now in Greenland, distributing detritus by their 
detached portions bearing rock fragments to the adjacent seas. 

Looking to other portions of Europe with reference to this sub- 
mernon of 1,000 feet, or thereabouts, it may not be uninstructive 
to consider the effects of the cold inferred upon the glaciers of such 
regions as the Alps, and the establishment of new glaciers in other 
moimtainous districts where the needful conditions may have been 
produced. In the Alps the glaciers would increase, as they now 
do, under the influence of certain seasons; but instead of that de- 
crease which brings them back to a certain state from a modifica- 
tion of the seasons in another direction, the increase would continue, 
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an extension of the sea from the Atlantic being not un&vomable 
for this purpose, independently of the greater cold produced. Un- 
der such circumstances, glacier-borne blocks and other rock frag- 
ments, which would have been left in many a locality, or carried for- 
ward to the terminal moraines, would continue to advance with the 
augmented length and volume of the glaciers, until they were finally 
arrested in their progress by the conditions affecting the extent of 
the glaciers themselves. If the observer will study the occurrence 
of existing glaciers upon maps or models of the Alps and adjoining 
districts,* he will perceive that the outward courses of existing 
glaciers would be greatly extended, while many a new glacier 
would contribute its ice to the general mass, sometimes carrying 
its own moraines, and at others modifying the courses of the m a in 
streams of ice into which it might merge. With a change of tem- 
perature and of relative level of sea and land, which should bring 
down the altitude of the present line of perpetual snow in the Alps 
to that of Chiloe (between 40° to 43’ S., the Alps bemg between 
42 ’ and 47 ’ N.), it would descend about 2,500 feet, and with it the 
ndvd of the glaciers. This descent of the snow-line being supposed 
gradual, the glaciers would advance as gradually, and the blocks 
derived from the present interior portions of the Alps would be 
moved onwards in front. Let, in the following section (fig, 100), 

fig. loa 
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a, b, be the level of perpetual snow in a range of mountains amid 
which glaciers are formed, the extension of one of these glaciers 
under any given, yet needful, conditions ; c and/, mountains, just 
beneath the line of perpetual snow. If now the conditions so 
change that g h becomes the perpetual snow line, those for the pro- 
duction of glaciers continuing, the supply of the original glacier 
will take place at a lower level, while the ice which only extended 
to d, would be forced onward, on the same principle as the ordi- 
nary, however temporary, increase of a glacier may be affected. 


• The map accompanying “ Travels in the Alps of Savoy,” Ac,, by Professor James 
Forbes, upon which the glaciers of the districts visited are very carefhUy entered, 
will be found very useful for this purpose, and more especially with reference to the 
inferred extension of glaciers down the valley of the Rlmne to the* Jura. 
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With it any collection of blocks, thrust forward in the usual 
manner to k, would be moved onward, with the ice, to I, and pos- 
sibly to m, the proper conditions prevailing.* With such increase 
a collateral glacier might come in from a valley o, between n and c. 


* Regarding the extension of Alpine glaciers from increased cold, continued through 
a certain amount of geological time, the slopes over which they may be inferred -to 
have passed require attention, due allowance being made for the effects which would 
arise from the supposed greatlydncreased volume of many glaciers. As connected 
with this subject, M. £lie de Beaumont has given Note sur les pentes de la limite 
superleure de la zone erratique,** &c., Annales des Sciences G^logiques, 1842) the 
following table for the upper limit of the erratic block zone of the valley of the 
Rhone, &o. 
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M. feUe de Beaumont remarks that he does not know in the Alps any glacier which 
moves through any considerable extent, such as a league, with a slope much less 
than 3^. 
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perhaps the extension of a small glacier previously formed tXp, or 
altogether new ; and thus blocks and gWiers may descend against 
the extension of the main glacier to m. The &oe of the Alps, as 
regards snow and ice, would be most materially changed by a 
descent of the snow-line, so as to be of about tiie same altitude as 
that of Chiloe, and a further decrciase of temperature would neces> 
sarily still further extend the glaciers. 

Assuming a depression of this kind, the observer has to take 
into consideration the rise of the sca-bottom to the present European 
levels of sea and land, accompanied by an elevation of general tem- 
perature to that now found. As the land rose, beaches would be 
left in various situations, showing the different alterations of the 
relative levels of sea and land. Should considerable pauses in the 
elevation of the land have taken place, these would be marked by 
lines of cliff, where the rocks could be sufficiently worn by the 
breakers. The production of coast ice would gradually b^me 
less, so that its formation would cease in the southern lands, and 
the glaciers generally would decrease, leaving their lines of moraines, 
and many angular blocks of rock, perched on the sides of mountains, 
as in the following sketch (a, i, fig. 101), at altitudes corresponding 

Fig. 101. 



with the volumes of th^ transporfing glaciers at the periods of 
their chief extension down valleys, where only a remnant of such 
glaciers may be now left at their higher extremities, or even, as in 
the British Islands, no portion of one may remain. 

The land continuing to rise, not only would the previous sea- 
bottom, with its vtuned accumulations ^n some of which the remains 
of animal life would be entombed, often in rc^ar beds of sand, silt. 
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and mud), be brought within the destructive influence of the 
breakers, as above noticed (p. 258), but rivers also would begin to 
flow amid the old sea-bottom. According to circumstances, such 
rivers would present varied characters, and some would carry 
forward ice-bome detritus to the sea, or leave it on their courses, 
as it might happen, until only certain of them, those now possessing 
the needful conditions, so transported mineral substances. 

From the interest which has been excited respecting the transport 
of erratic blocks, many of great volume, by means of ice, a mass of 
information has been collected, rendering the submersion of a 
large portion of Northern Europe, Asia, and America, accompanied 
by a considerable depression of temperature, extremely probable. 
The efiects of floating ice have for a long time engaged attention. 
Professor Wrede, of Berlin, would appear to have been among the 
first to account for the erratic blocks on the south of the Baltic, by 
means of floating ice, there having subsequently been a change of 
level in that region, by which the sea-bottom became dry land.* 
Sir James Hall also long since referred to floating ice, combined 
with earthquake waves, as a means of transporting erratic blocks ; t 
and its aid, under various conditions, has been sought in explanation 
of the transport of large and often angular blocks of rock from 
their pai’ent masses to considerable distances. Though Professor 
Playfiiir long since (1802) pointed out glaciers as having been the 
means of carrying erratic blocks,! even (in 1806) Inferring that 
those the Jura may have been transported by the extension of 
ancient Alpine glaciers to that range of mountains, the subject 
engaged no great attention for some time. M. Yenetz appears to 
have been the first who, having had occasion to study glacier 

* Gec^ostieal Researches relative to the Countries on the Baltic, and particularly 
to the Low Lands at the Mouth of the Oder, with Observations on the gradual change 
of the Level of the Sea in the Northern Hemisphere, and its physical causes, as quoted 
by Pe Luc, Geological Travels, 1810.*’ Professor Wrede supposed a slow change in 
the centre of gravity of the earth, so that the waters retreated from the northern 
hemisphere, leaving the sesrbottom dryy with the ice-bome blocks of rock upon it. 
He calculated the ice needed to float an erratic block, estimated to weigh 490,000 lbs., 
occurring at the mouth of the Oder. 

t ** On the Revolutions of the Earth’s surface” (1812), Transactions of the Royal 
Society of Edinburgh, vol. vii«, p. 157. After noticing the removal of a block of 
rock four or five feet diameter, being a boundary mark between two estates on the 
shore of the Murray Frith, by the tide, while encased In ice, for 90 yards, and also 
the magnitude and effects of earthquakes, he asks, respecting the erratic blocks of 
Northern Europe, if both combined would not produce the eifocts required, ** the 
natural place of these blocks being covered perfectly with Ice, In the state best calcu- 
lated for fulfilling the oflice here assigned it,” p. 157. He inferred that in the Alps 
similar waves, assuming the fitting conditions, would wash ofT portions of glaciers 
witi& their load of blocks. 

{ Playfair, ** lUostratlons of the Iluttonien Theory,” Jf «349. 
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movements, subsequently (1821) took the same view;* one 
adopted afterwards (1835) by M. de Charpentier,i' and further 
extended (in 1837) by M. Agassiz.^ The subject then attracted 
more general interest, especially from the wndnga of M. de Char- 
penticr§ and M. Agassiz,|| and the consideration of the effects 
produced by existing glaciers and floating ice, with the probability 
of a colder state than at present of the northern portions of Europe 
Asia, and America, at a comparatively recent time, now form one 
of the usual objects of geological investigation. 

Sir Charles Lyell long since called attention to the distribution 
of blocks and minor fragments of roek over the sea-bottom ly means 
of icebergs, and to the manner in which such detritus would be 
found scattered over various levels, if this sea-bottom wme upraised 
and formed dry land.ir Subsequently (in 1840) after noticing the 
action of drift ice, charged with mud, and blocks of rocks, he 
pointed out the manner in which floating ice may, by grounding 
upon coasts or banks, so squeeze the upper layers of mud, sand, 
and gravel, that contorted masses of these layers may repose upon 
imdisturbed and horizontal beds beneath.** It was, however, in 
consequence of a visit to this country by M. Agassiz, in 1840, and 
upon the extension of his views respecting glaciers to the British 
l8lands,f f that the former existence of glaciers in them has attracted 

* Yenetz, Biblioth^ue Universelle de Geneve,** tom. xxi., p. 77, and Denk- 
schriften der Schweizerizchen Gesellschaft ; 1 Band, Zurich, 1833. 

t Be Charpenticr, ** Notice sur le cause probable du Transport des Blocs Erratiques 
de la Suisse, ^^Annalcs des Mines,’* 3me Series, tom. yiii., 1835. * 

X Agassiz, " Address before the Helvetic Society of Natural Sciences, at Neufchatel,” 
1837. 

§ Essal siv les Glaciers et sur le Terrain Erratique du Bassin da Bbone,” 
Lausanne, 1841. 

II ‘‘ Etudes sur Ics Glaciers,” 1840. 

t “Principles of Geology,” 1832. 

** In a communication on ^e Boulder Formation or Drift, and associated ftesh-water 
deposits, composing the mud cliffs of Eastern Norfolk, “ Proceedings of the Geological 
Society of London ” (January, 1840), vol. Ui., wher^ the contortions observed on 
that coast are thus oxplainod. 

tt In the “ Proceedings of the Geological Society of London,’* voL lit, p. 328 (1840), 
M. Agassis has given a summary respecting his views of the former ejdstenoe ii 
glaciers in the British Islands. Ben Nevis, in the north of Scotland, and the 
Grampians in Southern Scotland, are considered by him as the great centres of 
dispersion of erratic blocks by glacier ice in that part of Great Britain. He pointed 
out the mountains of Northumberland, Westmoreland, Cumberlaad, and Wales^ as 
well as those of Ayrshire, Antrim, Wicklow, and the West of Ireland as also centres 
of dispersion, “each district having its peculiar debris, traceable in mai^ instaaoes 
to the parent rock, at the head of the valleys. Hence,” observes M. Agasidi, “It Is 
plidn the cause of the transport must be souf^t for in the centre of themountahi 
ranges, and not horn a point without the district** The Swedish blocks on the eoeat 
of England do not, ho oonceives, contradict this position, as he adopts the opiidon 
that they may have been transported by floating ioo,” p« 390, He con^dered that tli^ 
best example of glaoier striated rocks in Scotland is to bo seen at BaliahoUsh. 
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attention. Numerous facts have since been adduced in support of 
this opinion by Dr. Buckland^ Sir Charles Lyell, Professor James 
Forbes, Mr. Darwin, and others.* The amount of submergence at 

♦ Dr. Buckland Proceedings of the Geological Society of London,” vol., iii. p. 332, 
1840), in his paper, ^*On the Evidences of Glaciers in Scotland and the North of 
England,” points out localities which he infers show the remains of moraines near 
Dumfries, In Aberdeenshire, in Forfarshire, at Taymouth, Glen Coficld, end near 
Callender, with evidences of ancient glaciers on Schiehollion, in and near Strath Earn, 
and near Comrie; and of glacial action at Stirling and Edinburgh. He also mentions 
moraines In Northumberland, the evidence of ancient glaciers in Cumberland and 
Westmoreland, and the dispersion of Shap Fell granite by ice. 

In his address to the Geological Society of London, os its President, in February, 
IS41, Dr. Buckland gave a condensed statement of the progress of investigations on 
this subject during the preceding year, one in which the Glacial Theory,” was so 
much considered. 

Dr. Buckland subsequently, in his memoir on the Glaoia>Diluvial Pheenomena in 
Snowdonia, and the adjacent ports of North Wales (December, 1841), Proceedings 
of the Geological Society,” vol. iii., p. 579, described the rounded and polished 
surfaces, often accompanied by grooves and scratches, attributcii to glacier action, in 
the valleys of Conway, of the Llugwy, of the Ogwyn, of the Sciant, and of Llanboris, 
of Gwyrfiiin or Forrhyd, of the Nautel or Lyfni, and of Uie Gwynant. 

Sir Charles Lyell, in his paper **On the Geological Evidence of the former 
existence of Glaciers in Forfarshire,” stated tliat though, for several years ho hod 
attributed the transport of erratic blocks, and the curvature and contortions of the 
incoherent strata of gravel and clay, resting upon the unstratified till, to drifting ice, 
he had found difficulty in thus accounting for certain other facts connected with the 
subject, until Professor Agassiz extended his glacial theory to Scotland. After 
a description of various minor districts, Sir Charles Lyell observes, “ that it is in 
South Georgia, Kerguelen’s Land, and Sandwich Land, we must look for the nearest 
approach to tiie state of things which must have existed in Scotland during the 
glacial epoch.” 

Professor James Forbes, in his Notes on the Topography and Geology of the 
Cuclilhllen Hills, in Skye, and the traces of ancient glaciers which they present,” 
(Edinburgh New Philosophical Journal, 1846, vol. xl., p. 76), points out groovings 
and scratchings upon polished rocks of a marked kind. He observes, respecting the 
valley of Coruisk, that ** the surfaces of hypersthene, thur planed or p'^ ened, present 
systems of grooves exactly sindlar to those so much insisted on in the action of 
glaciers on subjacent rocks, and as evidence of glaciers in parts of the Alps and Jura, 
where they are now awanting. These grooves or strise are as well marked, os 
continuous, and as strictly parallel to what I have elsewhere shown to bo the necessary 
coarse of a tenacious mass of ice urged by gravity down a valley, as anywhere in 
the Alps. They occur in high vertical cliffs, as near the Pissevache; they rtse 
against opposing promontories, os in the valley of Hosli ; they make deep channels 
or flutings in the trough of the valley, as at Pont Polissicr, near Chamouni ; and as 
at Fee, in the Valley of Soas. At the same time those appearances have a superior 
limity above which the craggy angular forms are almost exclusively seen, whore the 
phenomena of wearing and grooving entirely disappear. In short,” adds Professor 
Forbes, ^it would be quite impossible to find in the Alps, or elsewhere, these 
phenomena (except only the high polish which the rocks here do not admit of) in 
greater perfection than in the Valley of Coruisk.” Other evidence of the like kind is 
also adduced. 

Mr. Darwin, in his Notes on the effects produced by the ancient Glaciers of 
Caernarvonshire, and on the boulders transported by floating Ice ” (Philosophical 
Magazine, 1842, vol. xxi., p. 180), after mentioning the labours of Dr. Buckland, on 
the same country, and that Mr. Trimmer hod first noticed (** Proceedings of the 
Geological Society,” vol. i., p. 332, 1831) the scoring and scratching of rocks in North 
Woles, adduces additional evidence of glacial action in that district. He observes 
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this period has been variously esdmated. Mr. Darwin infers, from 
a large greenstone boulder on Asbli^ Heath, Staffordshire, at 803 
feet above the sea, and apparently derived &om Wales, a condder- 
able depresdon of England beneath the sea, and that Scotland, finjm 
other ^ta, must have been submerged 1,300 feet.* Looking at 
the heights to which gravels extend in Wales, often apparently the 
remains of masses of coast shingles and sand, a like, if not a greater 
depression beneath the present sea level would be there required. 
In Ireland, we find large blocks of granite sometimes perched on 
the heights, amid grooves and fturrows on the surface of the nxdcs 
beneath, at altitudes of 1,000 feet and more. In some cases we 
almost seem to have before us a portion of the very blocks which 
scratched and scored the subjacent rock-8uiiaoe8.f 

Erratic blocks, occasionally of considerable magnitude, arc 
found, in some localities, at various elevations above rocks of their 
kind, and from which they are considered to have been detached. 
Although it is obvious that each fingment, so detached, has deprived 
the mass of rock whence it has been derived, of so much of its 
volume, and perhaps also of its height, as legaxdB elevation above 


that, within the central valleys of Snowdonia, the boulders appear to belong entirely 
to the rocks of the country. May we not coigecture,” he continues, ** that the ice- 
bergs, grating over the surface, and being lifted up and down with the tides, shattered 
and pounded the soft slate roc^, in the same manner as they seem to have contorted 
the sedimentary beds of the east coast of England (as shown by Mr. Lyell) and of 
Tierra del Fuego ? ” * * * xiic drifting to and fro and grinding of numerous 
icebergs during long periods near successive uprising coast lines, the bottonv^being 
often stirred up, and fragments of rocks dropped on it, will account for the sloping 
panes of unstratified till, occasionally associated with beds of sand and gravel, which 
fringes to the west and north the great Caernarvonshire mountains.” Mr. Darwin 
further remS/ks (p. 186),\s not ** probable, from the low level of the chalk formation 
in Great Britain, that rounded chalk flints could often have fhllen on the surfisce of 
glaciers, even in the coldest times, I infer, therefore,” he continues, that such 
pebbles were probably enclosed by the freezing of the water on the ancient sea-coasts. 
We have, however, the clearest proofs of the existence of glaciers in this country, 
and it appears that, when the land stood at a lower level, some of the glaciers, as in 
liant Francon, reached the sea, where icebergs charged vdth firagments would 
occasionally be found. By this means wo may suppose the great angular blocks of 
Welsh rocks, scattered over the central counties of England, were transported.” 
The deposits of this date in Ireland have occupied the attention of several geologists, 
among whom may be mentioned, Mr. Weaver, Mr. Griffith, Colond Fortlook, 
Mr. Trimmer, Professor Oldham, Mr. Bryce, Dr. Idoyd, Mr. Hamilton, and Dr. 
Scouler. 

* Philosophical Magazine, 1842, vol. xxi., p. 186. 

t Although in several parts of Ireland the fhets relating to the transport of erratio 
blocks can be well studied, and the alUtudes at which they and the smoothing and 
scratching of surface rocks are found well observed, there are few places where tho 
latter can be seen in greater perfection than the boautifVil neighbourhood of Glen- 
gariif, county Cork. The scoring and rounding of the sides and bottom of the valley 
from the lower part of the demesne of Glengariff to Bantiy Bay,, and thence to the 
southward, in the direction of Capo Clear, are particularly worthy of attentive study. 
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the sea level, and consequently that if multitudes have been thus 
detached, previous heights, composed of such rocks, may have been 
much reduced by the loss thus susteuned, there are instances where 
it would not appear a suffident explanation to infer that a transport 
of erratic blocks had been effected by ice in such a manner, that, 
while higher portions of the parent rock floated away at the 
required leveb, the remaining lower portions were denuded, in 
the usual maimer, as the land emerg^. To account for such 
instances, Mr. Darwin considers that we should regard the probable 
effects of submerging land, where coast ice could be formed, upon 
blocks of rock which may have been ice-transported to its shores. 
He points out that erratic blocks and other portions of the beaches 
of such shores might gradually be raised as the land became sub- 
merged, so that finally coast detritus, including the blocks of rocks 
ice-transported from various distances, would be elevated to heights 
above that at which it was accumulated or stranded. Blocks, with 
other coast fingments and shingle, would thus, when the land again 
emerged firom beneath the sea, be found raised above the level at 
which the renudns of their parent rocks are*how found.* 

Bespecting the erratic blocks of the Alps, and of the adjoining 
countries, a large mass of information has been collected.t The 
main &ct of the blocks and associated minor detritus having been 
transported fi:om the higher Alpine moimtains outwards on both 
sides the main ranges, showing that the cause of their dispersion 
had been in the Alps themselves, forms the base of the chief 
modem hypotheses connected with the subject, whether tho 
sudden melting of snows and glaciers by the heat aiul vapours 
accompanying the last elevation experienced m these mountains,]: 


* Darwin, ** On the Transportal of Erratic Boulders from a Lower to a Higher 
Level.*’ — Journal of the Geological Society, 1849, vol. v. Mr. Darwin remarks that 
the fragments of rock from being repeatedly caught in the ice and stranded with 
violence, and from being every summer exposed to common littoral action, will 
generally be much worn ; and from being driven over rocky shoals, probably often 
scored. From the ice not being thick, they will, if not drifted out to sea, be landed in 
shallow places, and from the packing of the ice, bo sometimes driven high up the 
beach, or even left perched on ledges of rock.” 

t A valuable summary of the labours of geologists on this subject will be found in 
the Histoire des Progr^s de la Geologic, de 1^4 k 1845,” tom. il., chap. 5, by the 
Vicomte d^Archiac. Appended to it is a list of the publications which may advan- 
tageously be consulted. 

X As regards the transport of blocks of rock by the sudden melting of snow from 
the escape of gases rising through fissures during the elevation of mountain chains, 
the observer will find the subject carefully treated in the **Noto relative a Tune des 
causes presumables des pfadnomenes erratiques,’ by tille do Beaumont (Bulletin de 
la Societe G^logique 4o France, t. Iv. p. 1334, 1817^. On tho suiqiosed heat of tho 
gases required for the molting of the snow, M* Elio do Beaumont remarks, after 
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the former great extension of Alpine glaciers, or the latter com- 
bined with a considerable submergence of land, so that the sea 
entered many of the valleys of the Alps, coast ice bemg possibly 
also produced. 

Von Buch, De Luc, Escher, filic de Beaumont, and other 
geologists, long since pointed out that, from the mode of occur- 
rence of the Alpine erratic blocks, the great valleys of the Alps 
existed prior to their dispersion, and much observation has been 
directed to the sources whence particular kinds of blocks have 
been derived.* The magnitude of the blocks on both sides of the 
Alps, in connection with the distances they must liave travelled 
from their parent rocks, has also long engaged attention. The 
Pierre d Bot^ above Neuch^tel, and represented beneath (fig. 102), t 
affords a good example of an erratic block, perched on the side of 


Fl». 102. 



noticing many circumstances bearing on the subject, that “ it is unnecessary to attri- 
bute to the gaseous current, considered to have been disengaged from fissures in the 
ground, a temperature higher than that needed to overcome the atmospheric pressure. 
Little would*1^j gained By giving this current a very high temperature.” . . . 

“ The hypothesis which admits the erratic thaw to have been produced by vapours of 
moderate temperature, appears to me,” he continues, “ also that according to which 
nature would have worked with the minimum loss of heat.” 

♦ U ith reference to the mode of distribution of the erratic blocks in the basin of the 
Rhone, as also to the kinds of rocks so distributed, M. Guyot has remarked (Bulletin 
de la Soc. des Sciences de Neuchatel, 1846, Archives de Geneve, Sept., 1847) : — 

1. That a kind of rock which is abundant in one part of the basin, is rare, or 
absent, in another. 

2. That the blocks of difierent kinds, commencing with the locality of their origin, 
form parallel series, preserved in the plain f blocks of the right side of the valley 
keeping to the right, of the left side to the left, while those of the centre preserve 
their central position. 

. 3. That groups composed of a single kind of rock, to the exclusion of others, are 
here and there found in the midsAof various rocks. 

These views M. Guyot considers aL borne out by numerous facts, and he infhrt 
that the blocks have been distributea by glaciers in the manner in which similar 
blocks now are by the moraines of actual Alpine glaciers. Be states that dmilar 
facts are observable in the valleys of the Rhouss and Rhine. 

t Taken from a view in the *« Travels in the Alps of Savoy,” &c., by Piof, 
James Forbes, 2nd edition. 
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the Jura, far distant from its source. This granite mass is 
esUmated as conttdning about 40,000 cubic feet, and considered to 
have been transported 22 leagues from the crest of the FoUaterres 
on the north of Martigny.* The blocks on the Jura have always 
attracted much attention from the circumstance that they must have 
been transported over the great valley of Switzerland, intervening 
between that range and the Alps. The blocks on the Chasseron 
are estimated as riang to the height of about 3,600 feett On the 
southern side of the Alps striking masses of erratic blocks are to be 
seen in the vicinity of the Lakes of Como and Lecco. They will 
be found high up the northern side of Monte San Primo, a moun- 
tain well separated from the high Alps by the intervening Lake 
of Como. The following (fig. 103) is a section of this mountain, 
showing the manner in which the erratic blocks rest upon it. 


Fig. 103 . 

1 * 



P, Monte San Prime ; B, blulF point of Bellaggio, rising out 
of the Lake of Como, C; aaaa, blocks of granite, gneiss, &c., 
scattered over the surface of the limestone rocks, llll, and the 
dolomite ddd. V, the Commune di Villa, where a previously- 
existing depression has been nearly filled with transported blocks 
and minor detritus. On the north side of the Alpi di Pravolta, E, 
the block represented beneath, (fig. 104), is seen, one however not 

Fig. 104 . 



♦ M. d*Archiac remarks Histoire des Progr^ de laGeologie/’ t. il., p. 249), that 
granite and gneiss generally form the blocks of the largest size. “ A block of granite, 
on the calcareous mountain near Orslires, contains more than 100,000 cubic feet! 
Above Monthey, many blocks derived from the Vai de Ferret, and which have thus 
travelled a distance not less than 11 leagues, contain from 8,000 to 50,000 and 60,000 
cubic feet** . . , **The blocks of talcose granite of Stoinhof, near Seeberg, one of 
which measures 61,000 cubic feet, has travelled about 60 leagues.” 

Considering the 40,000 cubic feet supposed to be contained in the Pkrre hBtA mg 
French measure it would weigh about 3,000 tons. * 

t Necker, « Etudes Gdologiques dans les Alps,” vol. i. Paris, 1841. 
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80 remarkable for size» as for showing the little attrition it couM 
have suffered during its transport from the higher Alps to its pre- 
sent position. 

A large amount of information has been obtained respecting the 
distribution of erratic blocks in Northern Europe, and the sources 
in Scandinavia whence they have been detached.^ The area over 
which they have been so distributed has been shown in a map by 
Sir Eoderick Murchison, M. de Vemeuil, and Count Keyserling,t 
the boundary line exhibiting the southern and eastern limits of the 
erratic blocl^ extending from Prussia, to Voroneje, in Russia^ and 
thence northwards to the Gulf of Tcheskaia, on the North Sea. 
It is remarked that from the German Ocean and Hamburg on the 
west, to the White Sea on the east, an area of 2000 miles long, 
varying in width from 400 to 800 miles (which may, perhaps, be 
roughly estimated at about 1,200,000 square miles), is more or less 
covered by loose detritus, amid which there are blocks of great size, 
the whole derived from the Scandinavian mountains. 

While regarding the kind and extent of country thus more or 
less covj^red with erratic blocks, and the position which the Scandi- 
navian mountains would occupy relatively to a large submerged 
area, the opinion that glaciers, icebergs (detached from them), 
and coast ice, may have been the chief means of dispersing the 
blocks and other detritus from a large isolated region, as that of 
Scandinavia would then be, appears far from improbable. Careful 
examination of the Scandinavian region itself shows that the 
whole land has been elevated above the present level of the adjoin- 
ing seas in comparatively recent geological times, and there has 
been fouJii a scorAg of subjacent rocks, and dispersion of blocks 
outwards from it, according with this view.J 


♦ The observer would do well to consult the Bapport eur on Memoire de 
M. Durocher, entUuled Observations sur le Phenom^e Diluvien dans le Mord de 
TEurope,” by M. Elie de Beaumont (Comptes Bendus, tom. xiv., p. 78, IStil), where- 
in an excellent summary and general view of the subject, induing Uie marking of 
subjacent rocks, up to the date of the observations, will be found. He should like- 
wise consult the ** Geology of Bussia in Europe and the Ural Mountains,” 1845, by 
Sir Roderick Murchison, M. de Vemeuil, and Count Keyaerling; d^ter xx., 
Scandinavian Drift and Erratic Blocks in Russia ; and chapter xxi., Drift and Erratie 
Blocks of Scandinavia, and Abrasion and Striatioii of Rocks ; and alao the “ Histoire 
des Progr'es de la Gdologie de 1834 k 1845,” tom. il., premiere parUe, Terrain Quater- 
naire ou Diluvien. Formation erratique du Nord de PEuit^. l^uris, 1848. Not- 
withstanding the title, this valuable work contains information up to the date of 
publication. A most excellent and imparUal summary of the iahoum relating to this 
subject, with original observations, wiU be found in this * History.’ 
t ** Geology of Russia in Europe and the Ural Moontalns,” 184A 
t M« Daubr^e states (Comptes Bendus, vol. xvi., 1843), that the traces of transpiori 
of detritus and of friction diverge ftom the high regtons preoMy as in the 
This was observed up to an elevation of 3,800 foet (English). M. de BBhtUi^ 
(PoggendorfiTs Annalen, 18410 states that Scandinavian blocks have been tiSasported 
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In the region occupied by these erratic blocks, ridges of them 
and other detrital matter have been observed to run in lines, often 
for considerable distances. These are commonly known as skars, or 
dsars.* Count Rasoumouski would appear (in 1819) to have been 
among the first to remark upon those in Russia and Germany, 
observing that they usually occurred in lines having a direction 
from N.E. to S.W. M. Brongniart pointed out (in 1828), that 
those of Sweden, though sometimes inosculating, took a general 
direction from north to south.f Much discussion has arisen 
respecting the origin of these lines of accumulation. Upon the 
supposition that lines of blexjks may have been accumulated by 
glaciers, and the drift of iceberg and coast ice in particular direc- 
tions, and that upon the uprise of such lines of deposits, breaker 
action had been brought to bear upon them for a time, we should 
expect very complicated evidence. 

In Northern America erratic blocks are found to occupy a large 
area, some being strewed as far south as 40^ N. latitude. Here, as 
in Northern Europe, the general drift of detritus appears to be from 
the northward to the southward, and blocks perched at^ various 
altitudes, scored and scratched surfaces of subjacent rocks, and 
osars or lines of accumulation \ occur in the same manner. Such 
similar effects point to similar causes, and hence the explanations 

from the coast of Kemi into the Bay of Onega, and from Russian I^ipland into the 
Icy Sea, that is, in northerly, north-westerly, and north-easterly directions, as quoted 
also in the “ Geology of Russia,’’ vol. i., p. 528. 

♦ It is worthy of remark that similar accumulations of this date, in Ireland, are 
known as Escars. 

t “ Annales des Sciences Natnrelles,” 1828. M. d’ Archiac observes (** Histoire des 
Progres de la Geologic,” 1848, tom. ii., p. 36,) that the fort.i of the ».u’r8, their dis- 
position, and their parallelism with the furrows and scratches of erosion, naturally 
lead to the idea of a current which has swept the southern part of Sweden from 
N.N.E. to S.S.W, M. Durocher has found, with M. Sefstrom, that the osars were 
heaped up on the southern side of the mountains which, in that direction, opposed 
their course. The hsars in Finland, though less marked, have a direction from 
N. 25° W, to S. 25° E., one which, with the preceding, represents the radii of the 
semicircle in which the great erratic block deposit of Central Europe occurs ” 

In the “ Geology of Russia in Europe and the Ural Mountains ” will be found the 
views of its authors respecting sk&rs or osars. A figure is given of an iceberg aground, 
and the consequences of its melting stated, lines of angular and rounded blocks being 
strewed, as the ice dissolved, by a current acting constantly in one direction. 

X An interesting account of two remarkable trains of angular erratic blocks in 
Berkshire, Massachusetts, is given by Professors Henry and William Rogers, in the 
Boston Journal of Natural History,” June, 1846, These two trains, one extending 
for 20 miles, both previously noticed by Dr. Reid and Professor Hitchcock, were 
traced to their sources. The blocks are generally largo, the smaller being several 
feet in diameter. One weighs about 2,000 tons. The blocks gradually decrease In 
size to the S.E., those which have travelled farthest being the most worn. They are 
stated not to mingle with the general drift beneath them, the boulders and pebbles in 
which bear ** the traces of a long-continued and violent rubbing,” Other long and 
nanvkw lines of huffe erratic fragments are seen elsewhere In Berkshire, and abound, 
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offered have been of a similar general character.* A large amount 
of information has also been collected respecting the occurrence of 
these blocks, and of the polishing and scoring of subjacent rocks.! 
It is stated that the divergence of any blocks, such, for example, 
as those of the Alps, is not observed in the United States. Pro- 
fessor Henry Eogers points out that the scorings do not radiate 
from the high grounds; but that, amid the mountains of New 
England and in the great plains of the west, and in Pennsylvania, 
Vermont, and Massachusetts, they preserve a south-east direction 
at all their elevations ; the lower parts of tlie great valleys being 
alone excepted. In the mountainous portions of the region, the 
heights and flanks exposed to the north and north-west are the 
most polished and scored. Blocks of large size have been found in 
New England, New York, and Pennsylvania, from 1,000 to 1,500 
feet above the sea. 

Erratic blocks arc also found in »South America. Mr. Darwin 
discovered thenf up the Santa Cruz river, Patagonia, in about 
50^ 10' S. latitude, and at about 67 miles from the nearest Cordillera. 
Nearer the mountains (at 55 miles) they became “ extraordinarily 
numerous.” One square blcx^k of chloritic schist measured 5 yards 
on each side, and projected 5 feet above the ground; another, more 
rounded, measured 60 feet in circumference, “There were innu- 
merable other fragments from 2 to 4 feet square.”! The great 
plain on which they stood was 1,400 feet above the sea, sloping 
gradually to sea cliffs of about 800 feet in height. Other boulders 
were found upon a plain, above another, elevated 440 feet, through 


wc think, in nearly all the mountainous districts of New England. One such train, 
originating apparently in the Lennox ridge, about two miles on the south of Pitts- 
field, crosses the liousatonic Valley, south-easterly, as far at least as the foot of the 
broad chain of hills in Washington. Some very extensive ones are to be seen on the 
western side of the White Mountains. 

These will be found in^ the works and memoirs of Hitchcock, Mather, Emmons, 
Hall, Rogers, Hubbart, Redfield, Jackson, Christy, Ch. Martins, and other geologists. 

t We are indebted to Dr. Bigsby for an early notice of the erratic blocks of North 
America.— (Trans. Geol. Soc., London, vol. L, second series.) 

In 1833, Professor Hitchcock (“ Report on the Geology of Massachusetts,” art. Dilu- 
vium,) adduced abundant evidence of the northern origin of these blocks in the 
districts described by him. The like was also done at an early date for other portions 
of North America, by Messrs. Lapham, Jackson, Alger, and others. The observer 
will find an able summary of the facta known in 1846, on this subject, in Professor 
Hitchcock’s Address to a meeting of the Association of American Geologists in that 
year. Professor Henry Rogers also treated in a general manner of the Amerioau 
erratic blocks in his Address to the same scientific body in 1844, (American Journal 
of Science, vol. xlvii.) Another general summary, up to 1848, is given by the 
Vicomte d’Archiac, (<* Histoire des Progrbs de U Gdologie,” tonu IL, ehap. 9, Terrain 
Quateriiaire de TAmeriquedu Nord). v,; 

t Darwin, On the Distribution of Erratic Boulders, and on the Goni(Unpoi»ne<^> 
Unstratlfled Deposits of South Aui 0 rica.”-Geol. Trane eeooud series, vol. vU p. 
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which the same river flows, and at 800 feet above the sea. In the 
valley of the Santa Cruz, and at 30 or 40 miles from the Cordillera, 
(the highest parts in this latitude rise to about 6,400 feet,) blocks of 
granite, syenite, and conglomerate, not found in the more elevated 
plains, were detected. Mr. Darwin infers that these are not the 
wreck of those observed on the higher plain, but that they have 
been subsequently transported from the Cordillera. He had not 
opportunities of observing other erratic blocks in Patagonia, but 
refers to tha great fragments of rocks noticed by Captain King on 
the surfece of Cape Gregory, a headland, about 800 feet high, on 
the northern shore of the Strait of Magellan. Mr. Darwin also 
describes rock fragments of various dimensions and kinds in Tierra 
del Fuego and the Strait of Magellan, amid stratified and un- 
stratified accumulations of a similar general character to those of 
this geological date in Europe.* Many of the erratic blocks are 
large, one at St. Sebastian’s Bay, east coast of Tierra del Fuego, 
was 47 feet in circumference, and projected 5 feet from the sand 
beach. The general drift of these deposits is considered to be Irom 
the westward, the manner in which the transported fragments of 
rock would be carried by a current similar to that which sweeps 
against the present land. On the north of Cape Virgins, close out- 
side the Strait of Mi^ellan, the imbedded fragments arc considered 
to have been transported 120 geographical miles or more from the 
west and south-west. On the northern and eastern coasts of the 
Island of Chiloc, extending from 43® 26', to 41® 46' S. latitude, 
Mr. Darwin detected an abundance of granite and syenite boulders, 
from the beach to a height of 200 feet on the lapd. He^yifers that 
these boulders have travelled more than 40 miles from the Cordillera 
on the east.t 


* At EUxabeth Iflland, Strait of MsgelUn, there occurs, ^ 6no*gniined, earthy or 
argillaceoos sandstone, in very thin, hoiiaoutal, and sometimes inclined lamina*, and 
often associated with carved layers of gravel. On the borders, however, of the east- 
ward part of the Strait of Magellan, this fine-grained formation often passes into, and 
alternates with, great unstratified beds, either of an earthy consistence and whitish 
colour, or of a dark colour and of a consistenoe like hardened coarse-grained mud, 
with the particles not sepai^ated according to their size. These beds contain angular 
and rounded fragments of various kinds of rock, together with great boulders.'*— 
Geol. Trans., second series, vol. vi., p. 418. Variations of these accumulations are 
noticed as occurring in other places, and two sections of contorted and confused beds 
at Gregory Bay are given, and Mr. Barwin infers that this disturbance may have been 
prodoeed by grounded icebergs. 

t ^*The larger bouldeis were quite angular.’* . . . One mass of granite at Chacao 
was a rectangular oblong, tteasuring 15 feet hy ll feet, and 9 feet high. Another^ on 
the north shore of Lemny islet, was pentagonal, quite angular, and 11 fbet on each 
side; it prejeeted about 12 feet above the sand, with one point 18 feet high: this 
fragment of rock almost equals the largsr blocks on the Jura.'*-- Geol. Trans., ssoond 
series, vol. vi., p. 425, 



CHAPTER XV. 


MOLLUSC REMAINS IN SUPERFICIAL DETRITUS.— ARCTIC SHELLS FOUND IN 
BRITISH DEPOSITS.— EVIDENCE OF A COLDER CUMATE IN BRITAIN.— 
EXTINCT SIBERIAN ELEPHANT. — CHANGES OF LAND AND SEA IN NORTH- 
ERN EUROPE.— EXTINCTION OF THE GREAT NORTHERN MAMMALS.— RANGE 
OF THE MAMMOTH.— FROZEN SOIL OF SIBERIA. 

Upon the supposition of the submergence of a large portion of 
the present dry land of Northern Europe, Asia, and America, 
beneath seas upon which ice was formed, and into which glaciers 
protruded in lower latitudes than at present, we should expect to 
discover in the marine deponts of these regions, and of the period 
now upraised into the atmosphere, evidences of the marine animal 
life of the time having corresponded with the low temperature to 
which it was then exposed. This evidence is considered to have 
been found. 

As regards the British Islands, Mr. Trimmer pointed out, in 
1831, thal^mid tbf. detrital accumulation referred to this date, and 
at a considerable height above the sea (since ascertmned to be 1,392 
feet), upon Moel Trefan (one of the hills on the outskirts of the 
chief Caernarvonshire mountains), fragments of Buceimm, Venw, 
NaUea, and Turbo of existing spedes were found. He also stated 
that on the flanks of the Snowdonian mountains, and between them 
and the adjoining sea, in the Menai Stiaiti^ there were large 
accumulations of boulders and fragments derived &om a distance 
(among them chalk flints,) mingled with others of a local kind. 
Mr. Trimmer subsequently (1838) published a more general state- 
ment on the same subject, noticing various locaUties whoK he and 
others had found shells, of a similar character, in deposits referred 
to this date.* 

• The first eemmunlMtion «u made to the Geolo^eal Sodetjr of London (Fio- 
oeedlngs of that Sodety, voi. L) ; the second to tlie Geologtoal Sodoty of DnUin, in 
a memdr, in two parts, entitle^ “ On the DUnvial or Northern on the lastsm 
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Commenting on the &ot8 observed by Mr. Trimmer on Moel 
Trefan> Sir Boderiok Murchison (in 1832) inferred from the 
previous discovery of shells of existing species in the Lancashire 
gravels and sands by Mr. Gilbertson, one which he was enabled to 
confirm from actual observation, and from finding similar accumu- 
lations over a large tract of country, that the materials of the ancient 
shore of Lancashire and of the estuary of the Eibble, were deposited 
during a long protracted period, and “ were elevated and laid dry 
after the creation of many of the existing species of molluscs.”* 
Numerous facts of the like kind were noticed by different observers ;t 
but the inference as to a temperature loss at that geological fiinc 
than at present, as shown by the remains of molluscs, docs not 
appear to have taken a distinct form until Mr. Smith, of Jordan 
Hill, published his views on the subject in 1839.J He discovered 
shells in places where their animals had lived and died, in the 
counties of Lanark, Renfrew, and Dumbarton, and hence inferred 
their entombment by depression, a half-tide deposit being converted 
into one in a deeper sea. From these and other researches, Mr, 
Smith obtained a mass of evidence wliich led him to conclude, from 
the remains of the molluscs discovered in deposits of this date in 
different k)calities, that the climate of the British Islands had then 
been colder than it now is, more especially as Arctic molluscs, not 


and Western side of the Cambrian Chain, and its Connexion with a similar Deposit 
on the Eastern side of Ireland, at Bray, llowth, and Glenisraaule.’*— (Journal of the 
Geological Society of Dublin.) Mr. Trimmer mentions that, prior to his discovery of 
the shells on Moel Trefan, Mr. Gilbertson had found shells of existing species in 
gravel and sand near Preston, Lancashire, and that Mr. IhiderM^ood Ij^d observed 
furrows and scratches on the surface of rocks laid bare among the SndW^onian moun- 
tains, when the great road from Bangor to Shrewsbury vras in progress. 

* Address, as President, to the Geological Society of London, February, 1832. — 
Proceedings of that Society, vol. i, p. 366. 

t Among the observations of the time, and as important for the locality noticed, 
should be mentioned those of Sir Philip Egerton, “ On a Bed of Gravel containing 
Marine Shells, of recent Species, at Wellington, Cheshire” (Proceedings of the 
Geological Society, vol ii., p. 18J, April 1835). Sir Philip notices the remains of 
Turritella terebra, Cardhun edule, and Murex arenacetts, and infers that there had been 
an alteration of 70 feet in the level of land and sea, as regards the locality, since the 
deposit was formed. In 1837, Mr. Strickland (“ On the Nature and Origin of the 
various kinds of transported Gravel occurring in England,” read at the British 
Association in that year) took a general view of the stratified and unstratified cha- 
racter of these deposits, and divided them into— 1. Marine drifts formed when the 
central portions of England were under the sea ; and, 2. Flvviatile drifts when they 
were above its level, forming diy land, the first composed of (a) erratic gravel, 
without chalk flints ; (b) erratic gravel, with chalk Hints ; and (c) local, or nun- 
erratic gravel. 

t On the late Changes of the relative Levels of the Land and Sea in Uie British 
Islands” (Memoirs of the Wernerian Natural History Society, Edinburgh, vol. viii., 
p. 49, &c.) In this memoir Mr. Smith most carefully cites all those who had previously 
discovered facts relating to the sulject, giving an account of those facts. 
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now found round die Britiah coasts, were obtained from tliesi 
accumulations.* 

Professor Edward Forbes, in 1846, availing himself of du 
information then existing, and of his own researches on the sami 
subject, pointed out that the total number of species of molluscs 
discovered in the deposits of the British area, and referred to this 
geolo^cal time, was about 124, all, with a few exceptions, now 
existing in the seas around the British Islands, and yet indicating 
by their mode of assemblage a colder state of the area than at 
present.! While carefully noticing the error which might arise 


Alluding to the researches of M. Deshsyes, to whom the unknown shells dis- 
covered were transmitted, and who stated that those still found recent, but not in the 
British seas, occur in northern latitudes, Mr. Smith remarks that this view confirmed 
that wliich ho had previously entertained from finding many of the shells common 
with those obtained by Sir Charles Lyell, at Uddevalla, in Sweden, and figured by 
him (Phil. Trans., 183.)) ; from having been informed by the same geologist that the 
I'usus Feruv/anus still inhabited the Arctic seas; and from Mr. Gray (of the British 
Museum) having, from a cursory examination of the shells discovered, remarked that 
they had all the appearance of Arctic shells. Mr. Smith adds, ** In the Clyde-raised 
deposits, shells common to Britain and the northern parts of Europe occur in much 
greater abundance than they do at present. The Pecten Islandkut^ which has pro- 
bably entirely disappeared, and the Cyprina Islandica, which, if found recent in the 
Clyde, is extremely rare, are amongst the most common of the fossil species.** Most 
valuable catalogues are appended to the memoir of Mr. Smith, consisting of lists of 
recent shells in the basin of the Clyde and north coast of Ireland (including land and 
fresh-water shells) ; of shells from the newer Pliocene deposits of the British Islands 
(also including land and fresh-water shells) ; and of recent species (then new) from 
the Firth of Clyde. 

t Professor E. Forbes, “On the Connexion between the distribution of the existing 
Fauna and Flora of the British Isles, and the Geological Changes which have affected 
their Area during the Period of the Northern Drift” (Memoirs of the Geological 
Survey of Great Britain, vol. i., p. 367, &c.). The Professor observes that, “as a 
whole, this ffti«HP«i^p^RP^nprolific, both as to species and individuals, when compared 
with the preceding molluscan fauna of the red and coralline crags, or that now 
inhabiting our seas and shores. This comparative deficiency depends not on an 
imperfect state of our knowledge of the fossils in the glacial formations — on that 
point w'e now have ample evidence — but on sdlne difference in the climatal conditions 
prevailing when those beds were deposited. Such a deficiency in species and indivi- 
duals of the testaceous forms of molluscs, indicates to the marine zoologist the pro- 
bability of a state of climate colder than that prevailing in the same area at present. 
Thus the existing fauna of the Arctic seas includes a much smaller number of 
testaceous molluscs than those of Mid-European seas, and the number of testacea in 
the latter is much less than in South-European and Mediterranean regions. It is not 
the latitude, but the temperature which determines these differences.” “ That the 
climate,** he subsequently observes, ** under which the glacial animals lived, was 
colder, is borne out by an examination of the species themselves. We find the entire 
assemblage made up, 1st, of species (25) now living throughout the Celtic region in 
common with the northern seas, and scarcely ranging south of the British Isles; 2nd, 
of species (24) which range far south into the Lusitanian and Mediterranean redone, 
but which are most prolific in the Celtic and northern seas; 3rd, of species (13) still 
existing in the British seas, but confined to the northern portion of them, and moat 
increasing in abundance of individuals as they approach towards the Arctic circle ; 
4th, of species (16) pow known living only in European seas, north of Britain, or in 
the seas of Greenland and Boreal America; 5th, of sj^es (6) not now known axlstlng» 
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from neglecting the occurrence of species at different depths in the 
sea, he observes, tiiat among those found in these deposits, and in 
ntuations where they must have lived and died, there are shells, 
such as the lAttmim, the Purpura, the PatMa, and the LaeuiuB, 
“ genera and species definitely indicating, not merely shallow 
water, but, in the three first instances, a coast line.”* 

Taking a general view of the flora of the British Islands, and of 
the probable sources whence its parts have been derived. Professor 
Edward Forbes has inferred that a portion was obtained from 
northern regions when the higher ports of these islands were alone 
above the sea, at a time corresjwnding with that when the marine 
molluscs living in the seas around them were of the character 
above noticed, and when the climate was colder than it now is, the 
evidence of the land flora thus corroborating that afforded by the 
remains of the marine molluscs. Under such conditions he infers 
that “ plants of a subarctic character would flourish to the water’s 
edge.” The whole area being subsequently upraised, in the 
manner above noticed, the previous islands would become moun- 
tain heights, and the plants, uplifted with them, not being 
deprived of the climatal conditions fitted for them, continued to 
flourish and be distributed as we now find them.t 


and unknown fosail in previous deposits. Two other species, from southern deposits 
in Ireland, were, one the same as one ( Turritella incrassata) still existing in the ^uth- 
European, though not in the British seas, and the other ( Tomatella pyramidata) 
extinct, but found fossil in the crag.’* Professor £. Forbes remarks, that it is 
consequence to note the fact that the species most abundant and generally diffused in 
the drift are essentially northern forms, such as Agtarte elliptica, cc^prettaa^ and 
borealis, Cyprina communis, Leda rostrata and minuta, TeUtna'caldaAf&^ Modiola vul- 
garis, Fusus hamfius and scalariformis, Littorince and Lacunce, Natica clausa and 
Buednum undatum; and even Saxicava rugosa and Turritella terebra, though widely 
distributed, are much more characteristic of North-European than of Southern seas.” 

♦ “ Memoirs of the Geological Survey of Great Britain,” vol. i., p. 370. The Pro- 
fessor adds, ** a most important fact, too, is that omong the species of Littorina, a 
genus, all the forms of which live only at water-mark, or between tides, is the Littorina 
expansa, one of the forms now extinct in the British, but still surviving in the 
Arctic Seas.” 

f Memoirs of the Geological Survey,” vol. i. Professor £. Forbes divides the 
general flora into flve parts, “ four of which are restricted to deflnite provinces, whilst 
the fifth, besides exclusively claiming a great part of the area, overspreads and com- 
mingles with all the others.” With regard to his general view, the Professor takes^ 
as his main position, that ** the specific identity, to any extent, of the flora and fauna 
of one area with those of another, depends on both areas forming, or having formed, 
part of the same specific centre, or on their having derived their animal and vegetable 
population by transmission, through migration, over continuous or closely-continoug 
land, aided, in the case of Alpine floras, by transportation on floating masses of ice.” 
As respects the vegetation to which reference is made in the text, Professor £. Forbes 
observes, The summits of our British Alps have always yielded to the botanist a rich 
harvest of plants which he could not meet with elsewhere among these islands. The 
species of these mountain plants are most numerous on the Scotch mountains— com- 
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As confirming his views respecting the effect of great cold at 
this period upon the marine molluscs in the seas around the British 
Islands, Professor E. Forbes found, while dredging, that there 
were depressions off the coasts in which molluscs of Arctic cha- 
racter still remained, as if imprisoned in cavities during the 
general rise of the sea-bottom, so that while their germs still found 
the needful conditions for their development in such depresrions, 
when they passed beyond them, they perished. 

Quitting the minor area of the British Islands, and extending 
our views to the great region ranging from Scandinavia eastward 
along Northern Asia to Behring’s Straits, we should, in the higher 
latitudes, expect no great aid, as regards evidences of a colder 
climate having more prevailed at that geological time than at 
present, from the remains of marine moUuscs entombed amid 
detritus,* or from the existing flora there found. Under the 
hypothesis of a depression of land, accompanied by increased cold, 
it is not difficult to conceive that the marine fauna and terrestrial 
flora of the region became adjusted to the conditions obtaining at 
the different times, the one accommodating itself to the new shores, 
the other creeping to the proper grounds, as the sea-bottom 
changed and the general temperature became lowered or elevated. 
The discovery, however, of large animals entire in ice, or frozen 
mud or sand, with their flesh and hair preserved, in high northern 
latitudes, and of kinds not now existing there, has been considered 
as affording somewhat of the evidence required. 

It is now about lialf a century since that the body of an elephant, 
of a species living, but the remains of which are widely 


paratively few on more southern ridges, such as those of Cumberland and Wales. 
But the species found on the latter are all, with a single exception (ZJoydia terotina), 
inhabitants also of the Highlands of Scotland ; whilst the Alpine plants of the Scotch 
mountains are all, in like manner, identical with the plants of more northern ranges, 
as the Scandinavian Alps, where, however, there are species associated with them 
which have not appeared in our country.’* 

* The well-known mass of shells at Uddevalla, in Sweden, raised to the height of 
216 feet above the level of the sea, and beneath part of which M. Alexandre Brong- 
niart long since found Balani still adhering to the supporting gneiss rocks on which 
they grew (** Tableau des Terrains que compose TEcorce du Globe,” p. 89), is described 
as compost of species still existing in the neighbouring seas. A list of these shells 
was given by M. Hisinger, Esquisso d'un Tableau des PetriEkCtlons de la Svdde,” 
ed. 2me, Stockholm, 1831. Professor E. Forbes has pointed out that this accumula- 
tion of shells was noticed by Linnaeus in 1747, and that the species discovered by him 
are now known as JBalanut Scotictu^ Saxicava rugota or aulmto, Mga LiUorma 

iittorea, Mfftilut edulis^ Fuiua Kalanfcrmis^ PecUn jFWma and 

Baianus salcafua. In 1806, the Uddevalla shells, and otheft of existing sp^es, raised 
above the present level of the sea in Norway, were observed by You l^bh. They 
were also desoribed by Sir Charles Lyell, in his account of the rise of laud iuSui^den, 
“ Philosophical Transactions,” 1835. 
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disposed amid the later geologioal accumulations of the northern 

flesh so fresh tbt bean 
devoured it^^-was fimnd frosen in 70^ N» Ii^tudo, 
nei^ lihe emlwchure of the liena in Siberiiu* The body 0 a rhi* 
noceros also, of a sj^es now extinct, whose hard remains are also 
d&QOvered in somewhat similar positions, had been obtained in the 
state of a mummy by Pallas thirty years previously, in latitude 
64® N„ from the hanfa of the Wiljue, which falls into the Lena, 
the carcase smelling like putrid flesh, the hair still partly on the 
body. These discoveries long sinco led to speculations respecting 
a change of climate in Siberia, one suddenly destroying the animals 
mentioned by cold, so that their carcasc‘S were preserve']. Pro- 
fessor Playfair (in 1802) would appear to have been the first to 
infer that the elephants and rhinoceroses of Siberia, now extinct, 
may have been fitted for a cold climate, tliough the elephants of 
the present day inhabit regions of a higher temperature, and that 
“they may have migrated with the seasons, and by that means have 
avoided the rigorous winters of the high latitudes/'f He also con- 
sidered that tliey miglit have lived farther to the south than the 
localities where their remains are now found, and “ among the 
valleys between the great ranges of mountains that bound Siberia 
on that side.” Sir Charles LycU, in 1835, took a similar but more 
extended view of the subjcct4 Adverting to the mode of occur- 
rence of the abundant remains of elephants in tlie deposits of 
Siberia,— an abundance so great that a trade in tlieir tusb for 
ivory has long been established, §— to the deposits themselves in 
which they are discovered having been formfd beneath the sea, 
since they contain the remains of marine shells ; and to a slow up- 
heaval of the borders of the Icy Sea, as is now taking place, he con- 
sidered that a considerable change in the physical geography of the 

♦ Mr. Adams, who carefully preserved what remained of this animal, relates that it 
was first observed as a shapeless mass by Schumakof, a Tungusian chief, and owner 
of the peninsula of Tamset, in 1799; that this ice-covered mass fell upon the sand in 
1803, and that, in the next year, the chief cut oflT the tusks, tlie fossil ivory, if it may 
from its comparative freshness be so termed, found in these regions, being an article 
of commerce. Mr. Adams, visiting the spot two years afterwards, obtained the 
skeleton, still in pert covered by the fleshy remains, with portions of its hair, which, 
together with the tusks, subsequently purchased, is now preserved in the Museum at 
St. Petersburg ; and a description is given of it in the “Memoirs of the Imperial 
Academy of Sciences,” vol v., of which a translation was published, with a figure in 
London, in 1819. 

t Playfair's “ Illustrations of the Huttouian Theory,” Edinburgh, 1802. 

t “Principles of Geology,” 4th edition, \m. 

§ This fossil ivory is still imported from Russia into Liverpool, where it finds “a 
ready sale to comb-makers and other workers in ivory.”— Owen, “ History of British 
Fossil Mammals,” p. 249. 
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whole r^on had been eflfected, a great increase of klld northwaiA 

being the result of a long-continued and dpw i^rise of land aiu 

sea-bottom. He inferred a general decrease of 

the elephants and rhinoceroses, tSxov^ they mj 

to live in colder regions than any of tib kinds' now existiiig 


Sir B^erick Murchison and his colleagues, in the examinatioi 
of the geology of Bussia and the Ural Mountains, adopted simila 
general views, inferring that the Ural, Altai, and neighbourinj 
regions of Siberia, were above the sea when these great mammal 
existed, and that they lived in herds adjacent to lakes anc 
estuaries,* into and down which their remains were swept, I 
would appear, especially by the researches of M. Middendorf, tha 
the shells found with these remains are of kinds now existing ii 
the seas of the region, so that the molluscs of that time and tb 
neighbouring seas have not been exposed to conditions effectlnj 
their destruction. M. Middendorf also mentions, that in 1843 
the carcase of an elephant was found in the Tas, between the Obj 
and Ycnesei, in about latitude 66® 30* N., “with some parts o 
the flesh in so perfect a state, that the bulb of the eye is no? 
preserved in the Museum of Moscow.”! Sir Koderick Murchison 
M. de Verneuil, and Count Keyserling also remark, when describinj 
the range and boundaries of the erratic blocks of Bussia, that th< 
area of the districts of Perm, Viatka, and Orenburg, was probabb 
“ above the waters and inhabited by mammoths at this period. 

With regard to the probable habits and food of the elephan 
{JElephad ^rimigennis) and the rhinoceros (JB. twhorhinm), th 
researches oflPtH^or Owen have shown, § that on physiologies 

* Geology of Russia in Europe and the Ural Mountains/' vol. i., p. 500. 

t The discoveries of M. Middendorf, of 1843, were communicated to Sir Charle 
Lyell in 1846 (“ Principles of Geology,” 7th edition, 1847). “ Another carcase, togethe 
with another individual of the same species, was met with in the same year (1843), ii 
latitude 75® 15' N., near the river Taimyr, with the flesh decayed. It was embedde 
in strata of clay and sand, with erratic blocks, at about 15 feet above the level of th 
sea. In the same deposit, M. 3|iddendorf discovered the trunk of a larch tree (Pmn 
ltirix)y the same wood as that now carried down in abundance by the Taimyr to th* * § 
Arctic Sea. There were also associated fossil shells of Imng mrthem species, am 
which are moreover characteristic of the drift, or glacial deposits of Europe. Amon| 
these Nucula pggnuca^ Tellina calcarea^ Mga truncata and Saxacata mgosa^ were con 
spicuous.”— Lyell’s Principles, 7th edition, p. 83. 

X Alluding to their map, it is further observed that this probably happened, ** whei 
the erratic blocks were transported over the a(UA<2en^ north-western line marked ii 
the map, as the extreme boundary of the granitic erratics, which were, we believe 
stranded on or near the shelving shore of this ancient land.”— Geology of Russia 
vol. i., p. 522. 

§ History of British Fossil Mammals and Birds,” 1846. To the previous inferenoi 

that the elephant, from its warm, woolly, and hairy coat, was an animal fitted to Rvi 



286 PBOBABLE HABITS OF NORTHEBN ELEPHANTS. [Ca. XV. 

grounds the Mephas pnmigemu» “ would have found the requisite 
means of subsistence at the present day, and at all seasons in the 
sixtieth parallel of latitude,” so that by adopting, with Professor 
Pky&ir and Sir Charles Lyell, the inference that this animal 
migrated northwards during the warmer parts of the year, as 
many northern mammals now do, the mammoth, as that kind of 
extinct elephant has been termed, would have lived easily on the 
land considered to have been above water at this period. The 
Professor adds, “in making such excursions during the heat of 
that brief season (the northern summer), the mammoths would be 
arrested in their northern progress by a condition to which the 
rein-deer and musk-ox are not subject, viz., the limits of arboreal 
vegetation, which, however, as represented by the diminutive 
shrubs of Polar lands, would allow them to reach the seventieth 
d<^rec of latitude.” With regard to the habits and food of the 
two-horned rhinoceros,* found frozen in Siberia, the inferences do 
not appear so clear as for the mammoth. Prom the greater 
amount of hair found on the extiuet and frozen rhinoceros, noticed 
by Pallas, than upon existing rhinoceroses, he seems to liave 
concluded that it might have lived in the temperate regions of 
Asia. Professor Owen remarks that, “although the mol^ teeth 
of the Hhinoceros tichorhinm present a specific modification of 
structure, it is not such as to support the inference that it could 


in a cold climate (the skin of the carcase from the Lena, and the ground on which it 
fell, affording many pounds weight of reddish wool and coarse long black hairs), 
Professor Owen show^ that its teeth especially were adapted for the apparently cold 
climate in whidi its remains have been so abundantly dete^t^nd. ** The, molar teeth of 
elephants possess,” observes the Professor, a highly-complicaledfSSid a very peculiar 
structure, and there are no other quadrupeds that derive so great a proportion of their 
food from the woody fibre of the branches of trees. Many mammals browse the 
leaves ; some small i^ents gnaw the bark ; the elephants alone tear down and crunch 
the branches, the vertical enamel-plates of their huge grinders enabling them to 
pound the tough vegetable tissue and fit it for deglutition. No doubt the foliage is 
the more tempting, as it is the most succulent part of the boughs devoured ; but the 
relation of the complex molars to the comminution of the coarser vegetable substance 
is unmistakeable. Now, if we find in an extinct elephant the same peculiar principle 
of construction in the molar teeth, but with augmehted complexity, arising from a 
greater number of triturating plates, and a greater proportion of tlie dense enamel, 
the inference is plain that tlie ligneous fibre must have entered in a larger proportion 
into the food of such extinct species. Forests of hardy trees and shrubs still grow 
upon the frozen soil of Siberia, and skirt the banks of the Lena as far north as latitude 
60^. In' Europe arboreal vegetaUon extends ten degrees nearer the pole; and the 
dental organization of the mammoth proves that it might have derived subsistence 
from the leafless branches of trees, in regions covered during a part of the year with 
snow.”— p. 267. 

* The horns of this rhinoceros have been ascertained to have been of large size. 
One of the horns of an individual, probably the front or nasal horn, In the Museum at 
Moscow, measures, according to Professor Owen, nearly three feet in length. 
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have better dispensed with succulent vegetable food thmi i()s 
existing congeners; and we must suppose, therefore, that the 
well-clothed individuals who might extend their wanderings 
northwards durbg a brief but hot Siberian summer, would be 
compelled to migrate southward to obtain their subsistence during 
winter.”* 

Considering the general evidence thus adduced as to the climate 
of Northern Europe at tliis geolc^cal time, we have to suppose a 
considerable depression of a large area beneath the level of the 
Atlantic ; an increase of cold, causing glaciers to descend into the 
sea in Scandinavia, and even in the British Islands; a great 
increase, if not extension into the sea, of the glaciers of the Alps, 
icebergs and coast ice distributing masses and minor fragments of 
rocks over a considerable European area, as also the shingles of 
beaches, sand, and mud, accompanied by the transported remains 
of terrestrial and marine creatures, and a movement of land plants, 
with terrestrial and marine animals, in accordance with the low 
tempemture then existing. The amount of land rising above the 
sea, prior to the inferred depression, is uncertain. It may have 
been more or less than that which we now find, though deposits of 
varied thickness were accumulated at this time, and now constitute 
a part of the dry land of Europe, and probably also a portion of 
the bottom of the adjoining seas. 

Respecting the great mammals, the carcases of which have been 
so well preserved in Siberia, and admitting, with Professor Owen, 
their perfect fitness to have lived in a climate such as that at 
present found in Northern Europe and Asia, up to a high latitude, 
we have toiSfrtHMBr that at the time of greater cold, their food 
being adjusted to it, their range, even in the summer season, would 
be more limited northward, not only by any coasts which might 
then be thrown back by the depression beneath the sea level, but 
also by the supposed decreased temperature. The great rivers, 
flowing northward, would, as Humboldt, Sir Charles Lyell, and 
Sir Roderick Murchison have pointed out, be then under similar 
conditions to the present, their embouchures exposed to lower 
temperatures than their courses in more temperate regions, such 
courses, though somewhat shorter, being stiU liable, as now, to be 
blocked up by ice at their mouths. In such a state of things there 
is little difficulty in inferring that the elephants and rhinoceroses 
lived, as they are supposed to have done, in a climate of low 


* History of British Fossil Mammals and Birds,” 1846, p. S5S. 
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temperature, and that their remains were buried in the detritus 
accumulated in lakes and at the embouchures of the northern 
rivers of the time, numerous carcases being washed out to sea and 
preserved amid ice, or frozen mud and sand, among deposits con- 
taining the remains of marine molluscs, such as are now living in 
the adjoining Arctic sea. 

The cause of the extinction of the great mammals mentioned 
requires much consideration, and a careful observation of the facts 
connected with the entombment and preservation of their remains. 
Humboldt has remarked that the low temperature at present 
experienced across Poland and Russia to the Ural mountains, ‘‘ is 
to be sought in the form of the continent being gradually less 
intersected, and becoming more compact and extended, — in the 
increasing distance from the sea, — and in the feebler influence of 
westerly winds. Beyond the Ural, westerly winds blowing over 
wide expanses of land, covered during several months with ice and 
snow, become cold land winds. It is to such circumstances of 
configuration and of atmospheric currents that the cold of Western 
Siberia is due.”* By the immersion of the present dry land to 
the extent supposed, t unaccompanied by the general decrease of 
temperature inferred in Northern Europe, there might, no doubt, 
be reason to expect that such northern portions of European and 
Asiatic Russia as were above water would have a higher tempera- 
ture than at present, but how far this would be met by such a 
decrease of the present temperature of Scandinavia, the British 
Isles, and a portion of Central Europe, that glaciers descended to 
the then sea level, it is more difficult to infer. Because icebergs 
may have floated from Scandinavia, and have stranded on 

the shores of the districts of Perm, Viatka, and Orenburg, and 
thence along the line pointed out by Sir Roderick Murchison, 
M. de Vemeuil, and Count Keyscrling to the westward, it is not 
a necessary inference that the temperature of those regions, 
making every allowance for the influence of multitudes of icebergs 
at certain seasons, had been very low, more than that the tempera- 
ture of Newfoundland should be that of Greenland and Baffin’s Bay, 
whence the icebergs stranded near it are derived. Even supposing 
that as the land rose the temperature of Siberia became such as we 
now find it, it does not seem to follow, judging from the researches 

♦ Cosmos, 7th Edit (Sabine’s Translation), vol, i,, p. 32.3. 

t The observer would do well to refer to the map given by the authors of the 
Geology of Russia in Europe and the Ural, for the area bounding the occurence of 
erratic blocks. 
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and reasoning of Professor Owen, that the mammoths necessarily 
perished from cold or the want of food.* Assuming that the great 
cold was unfavourable to their continuance in Siberia, that the 
country towards the mountains on the south was equally so to 
their habits, and that thus they may have been there extirpated, 
the same reasoning does not seem to apply so well to the districts 
on the west of the Ural. 

It is now well known that the mammoths must once have ex- 
isted widely spread over the northern portions of Europe, Asia, and 
America ; whence the inference, on the hypothesis that they all pro- 
ceeded from a common stock, or centre, that they spread themselves 
over continuous portions of land, dry for the time, however now 
separated they may be by seas. Their remains are not imcommon 
in Great Britain, though less so apparently in Ireland, and Professor 
Owen has pointed out the connection of these Islands with Europe 
when these and other contemporary animals passed into them.t The 

* On this subject Professor Owen remarks, that “ with regard to the geographical 
range of the Elephaa primipeniua into temperate latitudes, the distribution of its fossil 
remains teaches that it reached the fortieth d^ee north of the equator. History, in 
like manner, records that the rein-deer had formerly a more extensive distribution 
in the temperate latitudes of Europe than it now enjoys. The hairy covering of the 
mammoth concurs, however, with the localities of its most abundant remains, in 
showing that, like the rein-deer, the northern extreme of the temperate zone was its 
metropolis. Attempts have been made to account for the extinction of the race of 
northern elephants by alterations in the climate of their hemisphere, or by violent 
geological catastrophes, and the like extraneous causes. When we seek to apply the 
same hypothesis to explain the apparently contemporaneous extinction of the gigantic 
leaf-eating megatheria of South America, the geological phenomena of that continent 
appear to negative the occurrence of such destructive changes. Our comparatively 
brief experience of the progress and duration of species within the historical period, 
is surely insufficient to justify, in every case of extinction, the verdict of violent 
death. With rdffflTtd'many of the larger mammalia, especially those which have 
passed away from the /imerican and Australian continents, the absence of sufficient 
signs of extrinsic extirpating change or convulsion, makes it almost as reasonable to 
speculate with firocchi, on the possibility that species, like individuals, may have had 
the cause of their death inherent in their original constitution, independently of 
changes in the external world, and that the term ot their existence, or the period of 
exhaustion of the prolific force, may have been ordained from the commencement of 
each species.” — History of British Fossil Mammals and Birds, p. 269. 

t History of British Fossil Mammals and Birds,** 1846, Introduction, p. xxxvi. 

“ If,’* Professor Owen observes, •* we regard Great Britain in connection with the 
rest of Europe, and if we extend our view of the geographical distribution of extinct 
mammals beyond the limits of technical geography,— and it needs but a glance at the 
map to detect the artificial character of the line which divides Europe from Asia,— we 
shall there find a close and interesting correspondence between the extinct Eniopwo- 
Asiatlc Mammalian Fauna of the pliocene period and that of the present day. The 
very fact of the pliocene fossil mammalia of England being almost as rieh In generic 
and specific forms os those of Europe, leads, as already stated, to the inference that 
the intersecting branch of the ocean which now divides this island from the conttnent 
did not then exist as a barrier to the migration of the mastodons, mammoths, rbl^o- 
coroses, hippopotamuses, bisons, oxen, horses, tigers, hyasnes, bears, &c,, which havA 
left such abundant traces of their former existence in the superficial deposits and 
caves of Great Britain.” 


U 
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depth of Behring’s Straits is comparatively trifling, varying from 
132 to 192 feet, so that we feel little surprise in finding at Esch- 
scholtz Bay, in about 66° 20' N. on the North American shores, 
inside the Straits, the remains of the Elephas primigmim^ asso- 
ciated with the bones of the iirus, deer, horse, and musk ox, in a 
cliff about 90 feet high, extending about 2^ miles in length. These 
remains were first noticed by Dr. Eschsclioltz (during Kotzebue’s 
voyage), in 1816, and the bones were supposed to be imbedded in 
ice; but the observations of Captain Beechey’s party, in 1826, 
showed that the ice was merely superficial, arising from the freez- 
ing of water descending over the face of the cliff, and that the 
remains of these mammals were really imbedded in a deposit of 
clay and fine quartzose and micaceous sand. A smell, as of heated 
bones, was observed where the animal remains abounded.* 

This facing of ice having been thus deceptive, Dr. Buckland 
was led to inferf that there also might have been some error 
respecting the elephant of* the Lena having really been encased in 
ice, and not in mud, the face of which was covered by ice, as at 
Eschscholtz Bay. Correct observations respecting the mode of 
occurrence of the animals preserved in a comparatively fresh state, 
with their fleshy portions in part or wholly remaining, arc some- 
what important, inasmuch as, if found in ice, we have to infer 
either that such ice had always remained unthawed in the atmo- 
sphere (at least so far as the portions enveloping the animals were 
concerned), from the time when these mammals were encased in it 
to the present time, or that it became depressed beneath detrital 
accumulations of the period, and also remained unthawed, until 
the whole being elevated again into the atmospli2f e,*h; "became, with 
the accumulations among which it had been buried, exposed to the 
climatal and denuding conditions of the present day. Though 
there would be difficulty in submerging ice, from its specific 
gravity, beneath water, and e.specially sea-water, unless sufficiently 
well loaded with detritus to render this of the proper kind, it may 
readily happen that, in very cold climates, coast-ice may be 
anchored, so to speak, in such a manner, by penetrating amid 
shingles, sand, or mud beneath, that it could be covered over in 
part, or in thickness, according to variations in seasons, by detrital 
matter, so as to be in the condition to descend, thus covered over, 
to those depths where it could remain unthawed, with any animals 

* ^^Becchej^’s Voyage to the Pacific and Behring’s Straits” The bones were 
examined, and the animals to which they belonged were determined, by Pr. Buckland. 

f Ibid. 
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entombed in it. Indeed, certain facts noticed by travellers and 
voyagers in the Arctic regions would lead us to infer that this 
might be the case, and accounts are given of beds of actual ice 
being found beneath detrital deposits in those regions.* Descended 
to a proper depth beneath the surface, but not sufficient to bring it 
within the influence of the heat found to exist beneath certain 
depths in different parts of the globe, ice might remain there, only 
to be thawed by a great increase in the temperature of the general 
climate, or by being again elevated, with a sufficient denudation of 
protecting detritus, so that the heat of the atmosphere in summer 
would dissolve it, and disclose any animal remains which may have 
been therein preserved. At the same time, mud and silt, into 
which the bodies of such animals as the elephants and rhinoceroses, 
above noticed, may have been borne during floods, could readily 
have become frozen, and covered with other detritus, and thus 
descending, have retained, from what we learn of the depth to 
which the frozen ground extends in Siberia — a depth apparently 
very different from that found in North America, in the same lati- 
tudes — the remains of the animals in as fresh a state as when first 
embedded in them, to a level, beneath that of the sea, of 400 feet, if 
the cold approached that now experienced in northern Siberia.f 


M. Middendorf informed Sir Charles Lyell, that in 1S43, be had bored in Siberia 
to the depth of 70 feet, and, after passing through much frozen soil mixed with ice, 
had come down upon a solid mass of pure transparent ice, the thickness of which, 
after penetrating two or three yards, they did not ascertain.*’--Frinciples of Geology, 
7th Edition, p. 86. 

t The depth to which frozen mud and sand could descend in these regions, without 
being thawe^ by the influence of terrestrial heat beneath, would appear from the 
information of M'^fl^mersen C* Observations on a Pit sunk at Jakoutsk,’* Ann. des 
Mines de Kussie, vol. v,, 1838), to be between 300 and 400 feet. On the 25th April, 1837, 
the temperature of the bottom, 378 (English) feet deep, was 31^*1, the strata on the 
sides of the pit at 75 feet being 21° *2 Fahr, The accumulations passed through were 
composed of clay, sand, and lignite, mixed with ice. 

Some experiments made by M. Middendorf, as reported to the Academy of Sciences 
of St. Petersburg in 1844, showed that, in a shaft and the galleries of some works 
near the heii% and at a depth of 384 (English) feet, the frozen crust was sHU not 
passed through, though a marked gradual increase of temperature was observed in the 
descent. While, in one series of experiments, a thermometer, in the ground, 7 feet 
from the surface, gave on the 25th March, —I? Fahr., the temperature graduany 
advanced to 26° *6 Fahr. According to M. Erman (“ Proceedings of the Academy of 
Sciences at St. Petersburg,** 1838), the depth of ground thawed in September, 1888, 
in Northern Siberia, was 4 feet 8 inches in woody tracts, and 6 feet 8 inches in the 
marshy situations. 

From Sir John Richardson having found the depth of the frozen ground not to 
exceed 26 feet at Fort Simpson, on the Mackenzie, a station in the same latitude as 
Jakoutsk (62° N.), M. d’Arobiao has inferred C* Histoire desPro^pes deJe Geologie,** 
vol. i , p. 88), that the cold must be far more intense in Northern Asia than In North 
America, at these high latitudes. Under this view, the bodies of animals could now 
be preserved in Northern Siberia, by descending and ascending land, which ooul4 not 
be so preserved in North America. 

D 2 
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OSSIFEROUS CAVERNS AND BRECCIA. — FORMER CONNEXION OF BRITAIN 
WITH THE CONTINENT. — ^MAMMOTH REMAINS FOUND IN BRITISH SEAS. — 
OSSIFEROUS CAVE OF KIRKDALE. — MUD IN OSSIFEROUS CAVES. — GENERAL 
STATE OF OSSIFEROUS CAVERNS. — HUMAN REMAINS IN PAVILAND CAVE. — 
CAVES FORMERLY DENS OF CERTAIN EXTINCT CARNIVORA. — HUMAN RE- 
MAINS IN OSSIFEROUS CAVERNS. — COMPLICATED ACCUMULATIONS IN 
CERTAIN CAVES. — PEBBLES IN OSSIFEROUS CAVES.— DEPOSITS IN SUBTER- 
RANEAN RIVER CHANNELS. — OSSEOUS BRECCIA IN FISSURES. — CHANGES 
IN THE ENTRANCES OF CAVES, — OCCURRENCE OF MASTODON REMAINS. — 
ASSOCIATION WITH THOSE OF THE MAMMOTH. — EXTINCT MAMMALS OF 
CENTRAL FRANCE. 

The bodies of elephants and rhinoceroses being found so well 
preserved in Siberia, — and nowhere, as has often been remarked, 
are the remains of the Elephas primigmius more abundant than in 
the lowlands, adjoining the icy sea of Northern Asia,* — ^it is 
desirable to consider the remains of the sameJkiadf^of elephant 
and rhinoceros, with those of contemporary mammals, found 
embedded amid accumulations in caves and clefts of rock. The 
connection of the British Islands with the continent of Europe and 

♦ Dr. Mantell states (“Wonders of Geology,” vol. i., p. 148, 6th Edition, 1848) that, 
a company of merchants having been formed in 1844, to collect fossil ivory in 
Siberia, sixteen thousand pounds of jaws and tusks of mammoths were obtained 
during the year, and these were sold at St. Petersburg, under the denomination of 
Siberian ivory, at prices from 90 to 100 per cent, above those of recent elephantine 
ivory. 

From the researches of M. HedenstrSm, multitudes of the remains of elephants, 
rhinoceroses, oxen, and other mammalia, occur in the frozen ground between the 
Lena and the KoUma, and he mentions that one of the islands of New Siberia, or the 
Liakhor Islands, in the Arctic Ocean, off the coast of Siberia, between the embou- 
chures of the Lena and Indigirka, is composed of little else than a mass of mammoth 
bones, which has been worked for many years by the traders for the fossil ivory it 
yields. 

This statement is coniinned by those of other travellers. The high preservation of 
fossil ivory is not confined to Siberia. Mr. Bald mentions (Wernerian Transactions, 
vol. iv.) that tusks found between Edlnbui^ and Falkirk were made into chessmen. 
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Asi^ has been above noticed (p. 289), aa needed fer the migration 
of the Ekphat prim^enmt and Bhmoeeros tichorJmau into the 
former, the remains of these mammals so occurring as to leave no 
room for doubting, that the animals themselves here found the 
conditions fitted for their existence and increase.* The observer 
has carefully to weigh the evidence afibrded as to the predse geo- 
logical period when these great mammals thus prospered upon 
lands now divided from the continent by sea, which it would 

* Respecting the mammals existing at this time in the area of the British Islands, 
Professor Owen remarks, History of British Fossil Mammals** — Introduction^ after 
noticing the probable disappearance of the mastodon from it, that gigantic elephants 
of nearly twice the bulk of the largest individuals that now exist in Ceylon and 
Africa, roamed here in herds, if we may judge from the abundance of their remains. 
Two-homed rhinoceroses, of at least two species, forced their way through the ancient 
forests, or wallowed in the swamps. The lakes and rivers were tenanted by hippo- 
potamuses as bulky and with as formidable tusks as those of Africa. Three kinds of 
wild oxen, two of which were of colossal size and strengtii, and one of these maned 
and villous like the bonassus, found subsistence in the plains. Deer, as gigantic in 
proportion to existing species, were the contemporaries of the old Vri and BinmUs^ 
and may have disputed with them the pasturage of that ancient land; one of these 
extinct deer is well-known under the name of the * Irish £lk,* from the enormous 
expanse of its broad-palmed antlers [the Professor states elsewhere. Hist Brit. Foss. 
Mammals, p. 467, that the remains of this animal have been found in the ossiferous 
cavern of Kent’s Hole, Devon] ; another had horns more like that of the wapiti, but 
surpassed that great Canadian deer in bulk ; a third extinct species more resembled 
the Indian hippelaphus ; and with these were associated the red-deer, the rein-deer, 
the roebuck, and the goat. A wild horse, a wild ass or quagga, and the wild boar, 
entered also into the series of British pliocene hoofed mammalia. 

The carnivora, organized to eiyoy a life of rapine at the expense of the vegetable* 
feeders, to restrain their undue increase, and abridge the pangs of the maimed and 
sickly, were duly adjusted in numbers, size, and ferocity to the fell task assigned to 
tlicm in tlie organic economy of the pre-Adamitic world. Besides a British tiger of 
larger size, and with proportionally larger paws than that of Bengal, there existed a 
stranger feline animal ( Machairodua) of equal size, which, from the great liength and 
sharpness of ils sa Jl^^haped canines, w^as probably the most ferocious and destructive 
of its peculiarly carnivorous family. Of the smaller felines, we recognise the remains 
of a leopard, or large lynx, and of a wild cat 

“ Troops of hyaenas, larger than the fierce croenta of South Africa, which they most 
resembled, crunched the bones of the carcases relinquished by the nobler beasts of 
prey; and, doubtless, often themselves waged the war of destruction on the feebler 
quadrupeds. A savage bear, surpassing in size the XJrtu$ ferox of the Rocky Mountains, 
found its hiding-place, like the hyaena, in many of the existing limestone caverns of 
England. With the l/raus apekeuaww associated another bear, more like the common 
European speeijes, but larger than the present individuals of the Ursuo Arctos, 
Wolves and foxes, the badger, the otter, the foumart, and the stoat, complete the 
category of the pliocene carnivora of Britain, 

Bats, moles, and shrews were then, as now, the forms that preyed upon the 
insect worM in this island. Good evidence of a fossil hedgehog has not yet been 
obtained ; but the remains of an extinct insectivore of equal size, and with closer 
affinities to the mole-tribe, have been discovered in a pliocene formation in Norfolk. 
Two kinds of beaver, hares and rabbits, water-voles, and field-voles, rats and mice, 
richly represented the Rodent order. The greater beaver ( Troffontherium) and the tail- 
less hare (JLagowcjfc) were the only sub-generic forms, perhaps the only species, of the 
pliocene Qlire$ that have not been recognised as existing in Brtti^ within the 
historic period. The newer tertiary seas were tenanted by cetacea, either genericaUy 
or specifically identical with those that are now taken or cast upon our 




m MAMMOTH REMAINS IN SEAS OFF BRITISH COASTS. [Ch. XVI. 


appear scarcely probable they safely crossed, either by wilt or 
accident. The geological time when the needful connection was 
formed between the British Islands and the continent of Europe, 
so that tliese and other contemporary mammals freely roamed from 
the one part of a general area to the other, is, therefore, a matter 
of no slight interest. 

It has to be borne in mind that, during any modified distribution 
of land and sea formerly existing, by which deposits were accumu- 
lated, and the carcases ol* animals were floated out to sea, or swept 
into Iresh-water lakes, so that their harder parts became embedded 
in calcareous matter, mud, silt, or gravel, the lighter portions of 
the accumulation, amid which they were entombed, would, as now 
in the German Ocean and some other parts of the sea adjacent to 
the British Islands, be liable to be washed off, either at the proper 
depths beneath the surface of the sea by the action of the wind- 
waves, or on the shores by tlie breakers, when changes of level of 
the sea and land so took place that this action could be experienced. 
Tusks, teeth, and the bones of the Elephas primtgmim have thus 
been fished up by the trawlers and dredgers on tlie south-east of 
England, and in a state sometimes showing little marks of attrition, 
bearing more the appearance of having been merely relieved, by 
the wave action, of the mud, silt, or sand which once enveloped 
them.* Supposing the elephants and rhinoceroses, with other 

* Professor Owen, in his History of British Fossil Mammals,” mentions (p. 246), 
that most of the largest and best-preserved tusks of the British mammoth, have 
been dredged up from submarine drift near the coasts. In 1827, an enormous tusk 
was landed at Ramsgate ; although the hollow-implanted base was wanting, it still 
measured nine feet iu length, and its greatest diameter wafflgllMnches ; the outer 
crust was decomposed into thin layers, and the interior portion bod been reduced to 
a soft substance resembling putty. A tusk, likewise much decayed, which was 
dredged up off Dungeness, measured 11 feet in length; and yielded some pieces of 
ivory fit for manufacture. Captain Byam Martin, who has recorded this and other 
discoveries of remains of the mammoth in the British Channel (Geological Transac- 
tions, second series, vol. yi., p. 161), procured a section of ivory near the alveolar 
cavity of the Dungeness tusk, of an oval form, measuring 19 inches in circumference. 
A tusk dredged up from the Goodwin Sands, which meahured 6 feet 6 inches in 
length, probably belonged to a female mammoth.” * n ^ 

cutler at Canterbury, by whom it was sawed into five sections, but the interior was 
found to be fossilized and unfit for use.” ♦ ♦ « The tusks of the extinct elephant, 
which have reposed for thousands of years in the bed of the ocean which washes the 
shore of Britain, are not always so altered by time and the action of surrounding 
influences, as to be unfit for the purposes to which recent ivory is applied.” Mr. 
Cliarleswortb, after mentioning that a large lower jaw of a mammoth, of which he 
gives a figure (** Magazine of Natural History, new series,” vol iii., p. .148, 1839), had 
been dredged up off the Dogger Bank, in 1837, and quoting Mr. Woodward Geology 
of Norfolk”), as stating that more than 2,000 elephants' teeth had been dredged up ofi* 
Hasbro*, on the Norfolk coast, in 13 years, relates that a mammoth's tusk, dredged up 
by some Yarmouth fishermen off Scarborough, about 1836, was so slightly altered in 
character, that it was sawn up into as many pieces os there were men in the boat, each 
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contemporary animals, the remains of which are found with those 
of these mammals, to have been spread over the land prior to the 
great depression, accompanied by increased cold, as above noticed, 
and that they gradually retreated before the advance of the sea, 
diminishing the amoimt of low ground, the original connection 
between the British Islands and the land of the continent may 
have more resembled that shown as the boundary of the 600 feet 
depth, (figs. 65 and 102,) than that which we now find. In such 
a state of this part of Europe there would be an ample area of 
continuous dry land for the range of the elephants, rhinoceroses, 
and their contemporary, but the now extinct, species of hippo- 
potamus, oxen, deer, tiger, leopard, hyaena, bear, and other 
mammals. Aecumulations of bones could readily, as the land 
became depressed, be washed out of any lacustrine or fluviatile 
accumulations amid which they might have been embedded, and 
be mingled with marine remains of the gradually-encroaching 
seas, sometimes being worn and re-embedded in gravel, at others 
less mutilated, or even uninjured, amid more tranquilly-formed 
deposits. Occasionally some, or portions, of the original lacustrine 
or fluviatile deposits, contaming remains of these animals, may 
never have been disturbed to "ny great extent, so that the deposits 
and the included bones became covered by the marine accumu- 
lations of the time.* 


claiming his share of the ivory. One portion was preserved in the collection of 
^Ir. Fitch, of Norwich. A large humerus was, in 1837, trawled up in mid-channel 
between Dover and Calais, in 120 feet water. A large femur was also found while 
trawling, about half-w'ay between Yarmouth and Holland in 150 feet water, andjthe 
lower jaw df a young ..nimal was dredged up off the Dogger Bank. Other instances 
of elephant remains, brought up from the sea-bottom off the English coasts are also 
known. A tusk of the Hippopotamus major was dredged up from the oyster-bed at 
Happisburgh. 

* Professor Owen Hist. Brit. Fossil Mammals,’* p. 347), quotes a notice in a 
Cambridge paper of 26th February, 1845, in which mention is made of high tides 
having much uncovered the lignite beds at the base of the cliffs near Cromer, Norfolk, 
and that among the fossil remains of that bed, the lower jaw of a rhinoceros, with 
seven molar teeth in good preservation, together with the molars of the elephant, 
hippopotamus^ and beaver were discovered. The jaw was examined by Professor 
Owen, and ascertained to have belonged to a young Rhinoceros tichorhinus, 

Mr. Strickland pointed out, in 1834 (“ Account of Land and Fresh-water Shells found 
associated with the Bones of Land Quadrupeds beneath diluvial gravel, at Cropthom^ 
Worcestershire,” Proceedings Geol. Soc., vol. ii., p. Ill), that “a layer of fine sand, 
containing 23 species of land and fresh-water shells, with fragments, more or less 
rolled, of bones of the hippopotamus, bos, cervus, ursus, and canis,” reposes on the 
lias clay of that district. Professor Owen adds the mammoth and urns to this 
catalogue (“ Hist. Brit. Fossil Mammals,” p. 258). “ The sand passes upwards gradus)^ 
into gravel, which extends to the surface, and differs in no respect from the other 
gravel of the neighbourhood, being composed principally of pebbles of brown quarts, 
but occasionally containing chalk filnts, and fraf^ents of lias ammonites an4 
gryphites. The bones, though most id>undfmt in the sand, are interspersed also in 
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Upon the hypothesis, that tliesc animals could have spread under 
such conditions, and prior to the submergence previously noticed, 
a time would come when the depression of the old land would be 
such, that, as regards the British Islands, no sufficient or fitting 
dry land would be found for them, supposing that the diminished 
temperature did not destroy them. While assuming that such 
may have been the conditions in this parficular case, it by no 
means follows, with submerging dry land over a large portion of 
Europe, that abundant space was not left, even in Northern Asia, 
for the existence and increase of the Mephas primigeniuB and the 
Ithinoceros ticharhirms. The land may not have experienced a 
contemporaneous depression, or, if so, not one cutting off all the 
needful feeding-grounds for the support of these mammals. Thus, 
in several parts of Europe, when the sea-bottom emerged, — the 
former land, variously modified during its submersion, coated 
more or less with the detritus drifted over and thrown down upon 
it, and embedding the remains of such animals as perished during 
the submergence, there might be many sources whence the 
elephants, rhinoceroses, and other contemporary animals, could 
spread over the new land as the fitting conditions obtained. It is 
not difficult to conceive that these mammals may thus have 
revisited the area of - the British Islands, again connected with the 
main land, so that their remains may be found: in lacustrine and 
fiuviatile deposits above the marine accumulations formed during 
the interval of depression.* As there is evidence in Western 
Europe of oscillations, as regards the relative level of sea and land, 
in^the more recent geological time, requiring much attention on 
the part of the observer, he will have carefully to consider their 

gravel ; but the shells are confined to the sand/’ Two of the species of shells were 
considered to be extinct From the fluviatile habits of some of these molluscs, 
Mr. Strickland inferred, that the deposit occupies the site of an ancient river bed 
He at the same time pointed out “the greater change which has taken place in the 
mammifers of this island than in the molluscs, since the era when the gravel was 
accumulated ; and the little variation which the climate appears to have undergone 
since the same epoch.” lie also adverted to similar deposits, previously known at 
North Cliff, Yorkshire, Market Weighton, and at Copford, near Colchester. 

The section given by Sir Roderick Murchison, M. de Verncuil, and Count Keyser- 
ling Geology of Russia in Europe and of the Urals,” vol., i. p. 502), would appear 
to show, that as respects a part of Russia, and beneath a covering of **clay drift, con- 
taining numerous bones and teeth of the mammoth, 50 feet thick,” there was a “ band 
of finely-laminated sand, full of shells, specifically identical with those wliich inhabit 
the adjacent river Don.” The sand reposes upon a tertiary limestone. 

* Localities are mentioned where, in the British Islands, bones of these and of cx>ii- 
temporary mammals have been found entombed In fiuviatile or lacustrine dciiosits, 
supposed to be above the accumulations referred to the period when erratic blocks 
and other ice-transported detritus were strewed over the sea-bottom in this part of 
Europe. 
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influence on the spread of mammals, such as those under consider- 
ation. Assuming, however, only one submersion sufficient to 
disconnect the British Islands, followed by an elevation restoring 
the connection, it would be inferred that lacustrine and fluviatile 
accumulations would be the highest amid which we should expect 
to discover the remains of the £lephas primigmius and his con* 
temporary mammals, partly extinct, partly now existing. 

Amid any changes arising from the depression and elevation of 
land and adjacent sea-bottoms, should animals have lived in caves, 
carrying in their prey, should they had been carnivorous, or have 
fallen into fissures in the manner previously mentioned (p. 118), 
their remains, so preserved, would appear the most sale from re- 
arrangement by waves, tidal streams, or ocean currents. Though 
the bones of extinct bears and other animals found in caves had pre- 
viously attracted much attention, it was from the discovery of 
the remains of mammals in a cavern at Kirkdale, in Yorkshire, in 
1821, and from the descriptions of all the circumstances attending 
the mode of occurrence of these remains, and of the condition of 
the cavern itsell*, subsequently given by Dr. Buckland, who visited 
the spot a few months only after the discovery, that ossiferous 
caves attained a new Interest. This cave was found by cutting 
back a quarry, as many others have also been. Its greatest length 
was found to be 245 feet, and its height generally so inconsider- 
able, that in two or three situations only could a man stand 
upright. Tlie following (fig. 105) is the section of it, as given 
by Dr. Buckland — a, a, a, a, being horizontal beds of limestone, 
in which the cave occurs; 6, stalagmite incrust- Fig. I05. 
ing some* of the bones, and formed before the 
mud was introduced ; c, bed of mud contain- 
ing the bones ; d, stalagmite formed since the 
introduction of the mud, and spreading over 
its surface ; e, insulated stalagmite on the mud ; 

/, /, stalactites depending from the roof, “ The 
surface of the sediment when the cave was first 
opened was nearly smooth and level, except in those parts where its 
regularity had been broken by the accumulation of stalagmite, or 
ruffled by the dripping of water ; its substance was an argillaceous 
and slightly -micaceous loam, composed of such minute particles as 
could easily be suspended in muddy water, and mixed with much 
calcareous matter, that seems to have been derived in part from the 
dripping of the roof, and in part from comminuted bones.’*t The 



« ^*Rcliquise Uiluvianae,'’ 1893. 


t Ibid. 
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remains of hyaena, tiger, bear, wolf, fox, weasel, elephant, rhino- 
ceros, hippopotamus, horse, ox, three species of deer, and some 
other animals, were found to be so strewed over tlie bottom of the 
cave when the mud was removed, the proportion of hyaena teeth 
over those of other animals so great, and the bones of other animals 
so broken and gnawed, that Dr. Buckland considered the Eirkdale 
• cave to have been the den of the extinct hyaenas, the remains of 
which were found in it, during a succession of years. He further 
considered that they brought in, as prey, the animals, the bones and 
teeth of which were mingled with their own, and that these con- 
ditions were suddenly changed by the irruptiori of muddy water 
into the cave, burying all the remains of the animals, in an 
envelope of mud, including the faeces of the hyaenas, which 
occurred in the Eirkdale cave, precisely as such now do in the 
dens of existing hyaenas. Many bones were found to be rubbed 
smooth and polished on one side ; a fact showing, Dr. Buckland 
infers, that one side had been exposed to the walking and rubbing 
of the hyaenas. 

There would thus appear to have been a hole or cavern at first 
raised above common detrital accumulations, and freely communi- 
cating with the atmosphere, when the stalagmite b was formed ; 
then a change by which water containing fine mineral detritus 
was Introduced, the latter subsiding from the water, which may 
have completely filled the whole of the cavern ; and, thirdly, a 
time when the cave was out of the reach of water, again freely 
communicating with the atmosphere — so that stalagmites were 
thrown down upon the even floor of mud. The stalactite^ depend- 
ing from the top may have been partly formed during both periods 
when the cavern communicated with the atmosphere. Stalactites 
woidd not be formed if the cave were full of water, since the solution 
of the bicarbonate of lime, even supposing such to have passed 
through into the cavern, would then mingle, in the usual way, with 
the general volume of the water. 

As regards the introduction of fine sedimentary matter into 
caves during a submersion of previously dry land beneath the 
sea, the resulting mud not containing the hard parts of marine 
animals, much would necessarily depend upon the circumstances 
under which the entrances, or fissures communicating with the old 
surface of dry land, were placed. Should the entrances be blocked 
up by beaches or shingles drifted over them (independently of any 
which may have been closed by the accumulation of fallen frag- 
ments before submersion) as the land descended and the coast con- 
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ditions clmnged, the shores ranging gradually to high» levels, the 
matter of fine mud could be water-borne through the shingles or 
fragments. Such muddy water once in the cavern, either fixMn 
this source, or entering amid other cracks and chinks, the resulting 
mud would settle over the floor, enveloping all within its reach in 
a mass of fine sediment. In either case, any germs of marine 
animals secreting hard parts, and entering with the water, would 
scarcely be properly developed in such a situation. 

Ossiferous caverns being merely those amid caves in general 
which, from fitting circumstances, mammals have made their dens, 
or into which they have fallen or been drifted, all the sinuosities 
and irregularities of such cavities, both as regards horizontal and 
vertical range, have to be expected in them. They are found to 
be variously filled in difierent localities, so that it becomes difiScult 
to point out any particular arrangement of parts common to the 
whole. At the same time, the following lon^tudinal section 
(lig. 106 ) may afford somewhat of a general view of many which 
have been discovered. In it I, I, I, represent the section of a 
limestone hill (these caverns being like caves in general most 

Fig. 106. 



communicating with a valley, v, by an entrance, a. A floor of 
stalagmite, d, d, covers bones and fine sediment accumulated 
in the cavities, c, g A column of stalactite and stalagmite is 
represented between the two chief chambers of the cave, and 
which may or may not have blocked up the passage from one to 
the other. Any circumstances having removed a covering of the 
entrance, a, or the latter being even constantly open and well 
known, an observer, if not informed respecting ossiferous caverns, 
might easily enter such a cave and remark nothing more than the 
cliambers, the stalactites depending from the roof or covering the 
walls, and a floor partly rock, partly formed of stalagmite ; and 
even, if the passage between the chambers be closed by stalactite 
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and stalagmite, return from tlie outer cave without being aware of 
the chamber beyond it. 

It will be, at once, apparent, seeing that the bones in ossiferous 
caves may either have been chiefly collected by predaceous animals, 
have fallen into them from openings in the ground above — have 
been drifted into them, or be the remains of mammals which have 
entered and died in the caves — that great attention should be paid 
to the mode in which the bones may be accumulated, and to their 
whole, fractured, gnawed, or other state. Very careful and com- 
plete sections require to be made of the ossiferous accumulations, and 
these should not be confined to one portion of a cavern ; for, during 
a long lapse of time, an open cave may have been variously tenanted 
or strewed with bones. If an observer be in search of evidence of 
ossiferous caves having been the dens of predaceous animals, not 
only the marks of their teeth upon the remains of such bones as may 
not have been consumed are valuable, but also the mode of occur- 
rence of faecal remains, and the rubbing and polishing of portions of 
the walls, especially in the narrower passages, are important. 

With respect to stalactitic and stalagmitic incrustations, they may 
have happened at all times when a cavern was above the sea or 
water-drainage of the time, so that the atmosphere entered it, and 
bicarbonate of lime percolated in solution through the containing 
rock into the cave. Thus bones, as in the Kirkdale cave, may 
have been embedded in this calcareous substance, as well prior to 
the introduction of any fine sediment by means of water, as after- 
wards. It is the repose of stalagmite upon an even flooring of 
the sedimentary matter enveloping the bones, which shows an 
alteration of conditions, one from a state of things when stalagmite 
could not be accumulated on the bottom of the cave, to that which 
permitted it. 

As the remains of mammals of existing kinds, such as the red 
deer,* * * § of the roebuck,t badger,^ polecat, § stoat, || wolf,f fox,** 

* Ib Kirkdale Cavern, Yorkshire, and Kent’s Hole, Torquay; Buckland, ** Koliquio} 
Diluvians,” and Owen, “ Hist. Brit. Foss. Mammals.” 

f Fissure in limestone, with the remains of Rhinocerot tichorhinutf Caldy Island, 
Pembrokeshire; Owen, **liist. British Foss. Mammals,” p. 4S8. Dr. Buckland 
mentions an antler, ** approaching that of the roe,” in the Paviland Cave. 

X Kent’s Hole, Torquay; Owen, ‘‘Hist Brit Foss. Mammals,” p. 110. 

§ Belgian Cave, Dr. Schmerling. Berry Head, Devon ; Owen, “ Hist Brit. Foss. 
Mammals,” p. 113. 

I Kirkdale Cave; Buckland, “ Beliquiss Diluvianse.” Kent’s Hole, Torquay; 
Owen, “ Hist Brit Foss. Mammals.” 

^ Kirkdale Cave; Paviland Cave; Oreston, Plymouth; Kent’s Hole, Torquay. 
—Buckland, “Reliquim DUuvianar Owen, “Hist Brit. Foss. Mammals.” 

♦♦ Kenfs Hole, Torquay ; Oreston, Plymouth.— Owen, ‘* Hist. Brit Foss. Mammals.” 
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water-vole, field-vole, bank-vole, hare and rabbit,* have been dis- 
covered in caves mingled with those which are extinct, and as the 
remains of man have been detected in nmilar caverns, it becomes 
needful most carefully to study the circumstances under which all 
these remains may occur; so that while, on the one hand, we do 
not neglect the kind of evidence which might thus show the con- 
temporaneous existence of mammals now partly extinct, and partly 
living,! and also of man with the same kin^ of animals, on the 
other, the accidents which may have brought such apparently 
contemporaneous mixtures together may be duly regarded. Thus, 
had not Dr. Buckland employed the needful caution, hmnan 
remains (those of a woman) in Paviland Cave, Glamorganshire, 
might have been regarded as proving the contemporaneous existence 
of man and of the ElepJm prim^eniits, Rhinoceros tiehorhmus, and 
Hycena speloea. In this case, the cave had evidently been employed 
as a place of sepulture by some of the early inhabitants of that part 
of Wales, and the ground containing the remains of the extinct 
animals moved4 


* Buckland, “ Reliquiae piluvianfle Owen, “ Hist. Brit Foss. Mammals.*’ 

t The following list of animals, the remains of which have been found in the caves 
of the British Islands, is given by Professor Owen, in his “ History of British Fossil 
Mammals — Vespertilionoctula, Rhinokphus ferrum-etpiinumy Ursus priscut Bndtpeketu ; 
Meles taxus, Putorius vulyaris and ermineus ; Lutra vulgaris (from Durdham Down, 
Bristol, on the authority of Mr. £. T. Higgins) ; Cants lupus and vulpes ; Uyana 
spelaaj Felts spelcea and catus ; Maxhairodus latideusy Mus musetdus, Arvicola amphibiay 
agrestisy and pratensis ; Lepus timiduSy and cuniculus ; Lagomys speltrusy Elephas prtmt> 
genius y Rhinoceros tickorhinuSy Equus fossilis (caballusf) and plicidens; Asimis fossilis. 
Hippopotamus majoTy Sits scrofOy Jdegaceros HihemicuSy Strongyloceros ^leeusy Cervus 
elaphusy Tarandusy CapreoluSy and Bucklandi ; Bison priscusy and mmor, and Bos 
primigenius, * 

X The cave in which these remains were discovered is one of two on the coast 
between Oxwich Bay and the Worm’s Head, part of the district known as Gower, on 
the w est of Swansea, and formed, in great part, by carboniferous or mountain lime- 
stone. It is known as the Goat’s Hole, and is accessible only at low water, except 
across the face of a nearly-prccipitous cliff, rising to the height of about 100 feet above 
tlie sea. The floor, at the mouth of the cave, is about 30 to 40 feet above high-water 
mark, so that during heavy on-shore gales, the spray of the breakers dashes into It. 
Beneath a shallow covering. Dr. Buckland discovered the ** nearly entire left side of 
a female skeleton.” He adds (** Reliquiss Diluvianae,” p. 88), “Close to that part of 
the thigh-bone* where the pocket is usually worn, I found laid together, and sur- 
rounded also by ruddle, about two handfuls of small shells of the nerita Ktioralisy in 
a state of complete decay, and falling to dust on the slightest pressure. At another 
part of the skeleton, viz.. In contact with the ribs, I found 40 or 50 fhigments of 
small ivory rods, nearly cylindrical, and varying in diameter from a quarter to three- 
quarters of an inch, and from one to four inches in length. Their external surfkce 
was smooth in a few which were least decayed, but the greater number had under^ 
gone the same degree of decomposition with the large fragments of tusk beforo 
mentioneil.” Fragments of ivory rings were also discovered, supposed, when com- 
plete, to have been four or five inches in diameter. Portions of elephants’ tusks wet# 
obtained, one nearly two ibet long ; and Dr. Buckland inferred that the rods and 
rings had been made of the fossil ivory, the search for which had caused the marked 
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In many instances of the mixed remains of extinct and existing 
species of mammals, independently of the condition and mode of 
occurrence of the remains themselves, the probable habits* of the 
animals may offer the observer much assistance. In this manner, 
certain caves have been inferred to have been the dens of extinct 
bears and hyaenas, in the latter case fcecal remains, considered to be 
of a very characteristic kind, marking the continued residence of 
tliese bone-consuming animals, and a quiet entombment of such 
bodies with ordinary osseous remains. One kind of animal, such 
as the cavern bear, may have occupied a cave at one time, while 
hyaenas may have tenanted it at another, and both may have been 
preceded or replaced by the cave tiger, and its contemporary great 
feline, the machairodu%,'\ During the occupation of the more 
roomy portions of a cave by such great mammals, smaller animals 
could have lived in the minor holes and fissures, occasionally 
feeding upon remnants of the prey brought in by the larger car- 
nivora, and sometimes falling victims themselves to the latter. In 
certain caves, bats may often have clustered in places in the higher 
parts of the chambers, secure from the bears, hyaenas, or felines, 
their remains, from time to time, being mingled with the bones of 
the other animals beneath. With regard to several mammals, the 


disturbance of the ossiferous ground observed, the ivory being then in a sufficiently 
hard and tough state to be so worked. Charcoal and pieces of more recent bones of 
oxen, sheep, and pigs, “ apparently the remains of food,’^ showed the cave had been 
used by man. The toe-bone of a wolf was shaped, and it was inferred that it had 
been probably employed as a skewer. As regards the date when this cave may have 
been thus worked for its ivory, and the woman buried, Dr. Buckland calls attention 
to the remains of a Roman camp on the hill immediately above the cavL-. Amid the 
disturbed ossiferous ground there were not only recent bones, but also the remains of 
edible molluscs, Buccinum undatum^ Littorina littoreay L. neritoides, Patella vulgatay and 
Troehui croHsua, 

* No doubt much caution will be required as to any inferences drawn from the 
habits of existing animals of a particular genus ; as, for instance, if the liare were an 
extinct mammal, and the rabbit only found living, it would be a serious error to infer, 
from the habits of the latter, that the former always lived in burrows which it dug 
for itself. At the same time it may not be unreosonablo to suppose that animals, 
such as elephants, rhinoceroses, deer, and oxen, did not make caves their habitations, 
even when entrances into them were sufficiently largo and easy, though they may 
have occasionally found their way into them, as we have often seen oxen do in 
England, for shelter from very heavy nUns or great heats. 

t Mr. Austen, when noticing Kent’s Hole and other ossiferous caves of Devonshire 
(** Oeolo^ of the South-east of Devonshire,” Geological Transactions, 2nd series, 
vol. vi., p. 415), calls attention to the habits of the Hon and panther, which, after 
killing their pr^, ** secure it in their Jaws, and bear its weight on their powcrftil 
shoulders, retreating with it to these caves.” After mentioning the great else of the 
animals which the African Hons carry ofi^ he adds, that ** with respect to their usual 
abodes, we have the authority of aU Aftrioan travellers and hunters, that chasms, 
caves, oveihanging ledges of rocks, and similarly-protected places, are their haunts, 
and the spots to which they carry their prey.” 
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remains of which are discovered in ossiferous caves, we feel certain 
that not only would their bulk liave prevented them from passing 
through the only communications, winch can either be seen or 
suspected, between the open air and chambers of many caves, but 
also tlmt their habits would not direct them to such retreats. As 
prey to carnivorous mammals inhabiting caves, dragged in piece- 
meal through comparatively small apertures, when their bodies 
were dismembered, there appear no difiiculties ; indeed, there is 
good evidence on this head. It has been remarked, that the teeth 
of the extinct elephant found in caves, show that young animals of 
this kind had chiefly been brought into them. This, however, 
does not seem to have been the case with respect to the Bhinoceros 
tichorhinua, since the remains of full-formed individuals of this 
species are, in some cases, suflSiciently abundant ;* neither does it 
show that many a large elephant may not have fallen a prey to the 
great carnivora, especially the leline, its bones and teeth being left 
elsewhere, and perhaps in great measure consumed on the spot 
by hyaenas. 

That men have at various times inhabited caves, and used them 
as tombs, is well known ; and the case of the skeleton of the woman 
at Paviland, above noticed, is sufficient to show that ossiferous 
caverns may have been thus employed, f If man had been a con- 
temporary inhabitant of the regions wliere these extinct carnivora 
roamed in search of their prey, he might, as well as other creatures, 
have occasionally formed a portion of such prey. Where pieces of 
pottery are discovered, which appear to mark the residence of man 
in the caves, we merely seem to have evidence that he frequented 
them at s8me period, perhaps not well defined ; unless, indeed, the 
mode of occurrence of the pottery be such that no doubt of the 
relative date of its introduction can exist:): With flint or other 


Having examined the ossiferous cave of Spritsail Tor, in Gower, Glamorganshire, 
shorUy after its discovery, by the cutting back of a carboniferous limestone quarry, 
we were much struck by the narrowness of a part of the entrance, where predaceous 
animals, apparently hysenas {H, 9pelaxL\ seem to have been stopped, with large por- 
tions of the edreasses of the Rhinoceros tichorhinus, numbers of the teeth of which, 
among the other remains, were accumulated close outside it. 

t Sir Philip Egerton, ** On the Ossiferous Caves of the Harts and Franconia,** 
(Proceedings of the Geological Society, vol. ii., p. 94), when enumerating the osseous 
remains which rewarded the researches of himself and the Earl of Enniskillen in the 
caves of Gaiienruth, KUhloch, Scharafeld, and Baumanns H5hle, mentions that frag- 
ments of rude pottery were discovered in these four caves ; “ old coins and iron house- 
hold implements of most ancient and uncouth forms in that of Rabenstein,** and 
recent bones of pigs, birds, dogs, foxes, and ruminants, in every cave examined. 

t The description of the cavern of Miaiiet, near Anduze, department of the GaiN^ 
by M. Tessier Bulletin de la Societe Gdolog^uede France,*’ tom. ii), s^rds a usefhl 
illustration of the manner in which human bones may occur with those of extiiiet 
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Stone arrow-heads and knives, such as have been discovered in 
Kent’s Hole, and elsewhere, there would be more difficulty, if other 
evidence was not opposed to the inference. When bones of men, 
as they are stated to have been, are discovered really mixed amid 
those of the extinct carnivora and other animals found in ossiferous 
caves,* the subject is one of no slight interest, and requires at least 
very careful investigation, without prejudgment of any kind.t 
Ossiferous caverns may offer greater complication than those 
previously noticed, in which the apertures or mouths opening to 
the tur are considered to have been more or less lateral, presenting 
ready ingress and egress to mammals. A cavern of the kind 
represented, in longitudinal section, fig. 107, may have been 
of a mixed kind partly composed of a portion, c, rising upwards, 
as is also seen in many which are not ossiferous, and partly 
having a more horizontal range, a, a. If the upright cleft 
did not reach the sur&ce at the time, in a manner to permit 

mammals. The cavern is situated 30 yards above a valley, on a steep slope, and in a 
dolomitic rock. The lowest bed, reposing on the bottom of the cavern, is comjiosed 
of a dolomitic sand, irregularly covered with thin stalagmite, and here and there by an 
argillo<fcrruginous clay, more than a yard thick. This bed contains the abundant 
remains of bears. Beneath stalagmite and a bed of clayey sand, from 8 to 16 inches 
thick, human remains were discovered in different parts of the cavern. At the inmost 
end they were decidedly mixed with those of bears, which predominated ; but at the 
entrance the human bones prevailed. On the ossiferous clay, and beneath a very 
rocky projection, a nearly entire human skeleton was discovered, and close to it a 
lamp and a baked clay figurine ; copper bracelets being found at a short distance. 
In other places were the remains of coarse pottery, worked bones, and small flint 
tools, exhibiting a ruder state of the arts than the preceding. M. Tessier infers 
An epoch when the cavern was inhabited by bears. 2. A time when man, little 
advanced in civilization, inhabited, and probably was buried, in the cave ; and 3, the 
Homan epoch, shown by the remains of more advanced art. As regards tlie mixed 
bones of man and the bears, it is inferred that this is accidental, as men and bears 
could not have lived together in this cavern. 

* Dr. Schmerling (Ossemens Fossiles des Caverns de Liege) mentions human bones 
as decidedly mixed with those of the extinct elephant, rhinoceros, bear, and other 
mammals in the same clay ond breccia in caves near Liege. From the mo<lc of occur- 
rence of the whole, he infers that the human as well as the other bones w'ere all 
washed into the cave together, men and these extinct mammals being then coexistent. 
Instances of the mixed bones of extinct mammals and of man, in the south of France, 
are mentioned by M. Marcel de Serres (*‘ Geognosie des Terrains Tertiaires**), M. de 
Cristol, M. ToumsI, and other geologists, who supported the view that men and 
these extinct animals had been contemporaneous, a view opposed by M. Desnoyers 
(** Bulletin de la Soclete Gwloglque de France,** tom. ii.), who points out that the 
pottery and weapons discovered in the ossiferous oaves correspond with those of the 
early inhabitants of England, Germany, and Gaul *, and that while in the monuments 
of the latter similar artificial objects occur, no remains of the extinct mammals are 
discovered, thongh those of species now inhabiting Europe are detected. 

t Professor Owen has pointed out (“ Hist Brit Fossil Mammals,** p. 97) that ** of no 
other quadruped than the bear is the femur more likely to be mistaken by the unprac- 
tised anatomist for that of the human subject, especially the femur of the gigantic 
extinct species commonly found in caves.** Figures and descriptions are added In 
confirmation of this statement. 



Cfi. XVI.] SOME OSSIFEROUS CAVERNS. 305 

animals falling through it to the cave beneath, fragments only of 
the rock in which the whole is situated so doing (and it should be 
remembered, that in numerous caverns the fall of rocks from 


Fig. 107. 



various parts of the roofs and sides may have happened at all times), 
the osseous remains of animals entombed would belong to those 
which may have entered, lived in, or been dragged into the cham- 
bers. If the cleft were sufficiently wide for animals to fall through, 
as mammals now do similar fissures, there might be two modes of 
accumulating the remains of the same, or nearly the same crea- * 
tures ; one resulting from the occupation of the cave by predaceous 
animals, and any others able to live in the same place with them ; 
the other, from the fall of animals through the fissure, sometimes 
bringing down with them fragments of rocks, and so wholly or 
partly burying their carcases beneath such fragments. 

If we assume the submersion of suchli cavern, much, as to 
tlie results, would depend on the rapidity or slowness of the sub- 
mergence. Supposing the latter, and that the mouth of the cave 
was closeS, either prior to it or during Its progress, fragments of 
rock, such as we often see thickly strewed over limestone hill and 
mountain sides, descending readily over it, the common earth 
(usually the cementing matter of such fragments on hill sides) 
would be removed by the wash of the sea, and muddy water, in 
part, perhaps, thus derived, enter the cave, enveloping with fine 
sediment the bones in the interior, a, g. The sediment rising 
only accor<ling to the amount of matter introduced, it might so 
happen, that an even floor did not suntiount the level, mud alone 
completely intermingling with fragments of rocks oy bones in the 
lower part of the mass, A. Submergence slowly continuing, and 
the fissure, c, still open, animals could, as before, fall through, imtil 
finally the whole hill was beneath the water. Much complication 
might arise in such a case, and more especially if the upper part of 
a fissure had never been closed over by detritus even to its emer- 
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gence, or that it had not been covered by water at all, so that it 
was fdways open to catch unwary animals, or those hunted by 
predaceous mammals, during a time when the quadrupeds of the 
country may have been changed or much modified. Perpendicular 
fissures in caves are sometimes so filled with fragments of rock, 
sand, clay, and earth, as to show the necessity of great caution, 
when inferring that the osseous remains of many caverns had been 
derived through the lateral mouths alone. 

In examining ossiferous caverns, attention should be directed to 
the kind of foreign detrital matter introduced into them, cither 
occurring amid the bones and fragments of the rock in which the 
cave is formed, and constituting layers or beds, or which may be 
strewed about. Let us suppose that in a valley, v, of which the 
following is a section (fig. 108), two ossiferous caverns, a and J, 
occur on the side of the hill, c, a river, r, being of sufficient size to 
bring down mud, sand, and gravel, especially during floods. The 

Fig. 108. 



lower cavern, h, would from this cause be exposed to*dcposit8, 
enveloping tlie bones of mammals which there occurred, floods 
from time to time surprising and killing animals suddenly caught 
by them in it. This would not be the case with the higher cavern 
out of the reach of such fluviatile action and deposits. If the 
surface of the land had been disposed much as we now find it, 
anterior to a submergence beneath water, (a supposition by no 
means necessary,) both these caverns may have had detritus 
introduced into them, as previously noticed, whatever additions 
may have been made to the lower cave, i, by bones or detritus 
from the action of the river, r. As pebbles of fair size afford 
evidence which finer sediment may not, it is always important to 
collect and very carefully examine any found in ossiferous caves, 
as from them some conclusion may be formed as to the direction 
whence moving water may have carried them, either from their 
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parent rocks, or from any gravel or shingle accumulation where, 
for a time, they may have been stationary.* 

Much and very proper stress has been laid upon the accumulation 
of bones with mud, sand, gravel, and fragments of rock in those 
subterranean and cavernous channels through which streams and 
rivers so often pass in limestone districts. Into these, animals 
surprised by floods are often carried, and from them are seldom 
known to emerge, the passages being commonly so complicated, 
that even inferring sufficient space for the bodies to pass through, 
the intricacies and vertical arrangements of the channel are such 
that the osseous portions of the animals, whatever may become of 
the flesh, whether eaten or decomposed, remain and accumulate 
in these cavernous passages. In some tropical and limestone 
countries, as, for instance, in Jamaica, it is very instructive to 
watch the effects of a sudden flood hurrying forward a mass of 
turbid water, and, occasionally, various creatures into great sink- 
holes.t In more temperate climates, a sudden flood often surprises 
animals, occasionally large, in low grounds near the entrances into 
cavernous channels, and, according to the capacity of the channel 
and the size of the entrance into it, will depend the" ready disap- 
pearance of the animals thus swept onwards. Sometimes the 
volume of water is so great, that they arc not readily engulfed, 
whirling about at the entrance, then beneath the level of the water 
ponded back, until the flood somewhat subsiding,, the bodies of the 
animals enter and become lost in the caverns. 

* As regards the contents of the ossiferous cave of Kent’s Hole, often mentioned 
above, Dr.*Buckland informed me that Mr. M*Enery found rounded portions of 
granite and greenstone beneath the stalagmitic crust, as also fragments of sandstone 
and slate, some of them rolled. The cave itself is in limestone, the sandstone, slate, 
and greenstone rocks associated with it in the district, but granite does not occur 
nearer than Dartmoor, 13 miles distant. According also to Colonel Mudge (Pro- 
ceedings of the Geological Society, vol. ii., p. 400), the pebbles discovered in the 
ossiferous bed at Yealm Bridge cave, six miles from Plymouth (five distinct deposits 
being noticed, the highest only contidning bones), “ are apparently derived from the 
confines of Dartmoor, and differ firom those contained in the bed of the Yealm.** The 
remains found in this bed, 34 feet thick, were those of the elephant, rhinoceros, horse, 
ox, hysBua, sheep, dog, wolf, fox, bear, hare, water-rat, and a bird of considerable 
size. Many of the bones were splintered, chipped, and gnawed,** and coprolites 
were found in the ossiferous bed. Pebbles are found in several ossiferous caverns. 

t With the various land molluscs caught by heavy, and often sudden tropical rains, 
and swept into these sink-holes, land hermit or soldier crabs, are in certain localities 
also carried in, sometimes bearing mbrine univalve shells which they have brought 
with them, occasionally many miles, during their migrations to and from the sea- 
coast. We have seen these crustaceans at 12 to 14 miles from the sea in the lime- 
stone districts of Jamaica, and can confirm the statement of Mr. R. C. Taylor 
C* Notes on the^eology of Cuba,” Philosophical Magazine, 1837), renting their 
habits as noticed by him in similar districts of Cuba. Marine shells may thus readily 
be included in the stalagmites of the caverns, often of laige size, common in the 
white limestone portions of Jamaica, 
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Even under the somewhat simple conditions of such cavernous 
channels, as shown in the section beneath (fig. 109), it will be 
obvious that not only detrital matter and fiuviatilo molluscs, but 
also terrestrial mammals may be introduced into a cavern, b, c, d, 
and the finer sediment, held in mechanical suspension, alone 


Fig 109. 



emerge at d, supposing the channel to be sufficiently short, and the 
water be kept in the proper agitation throughout. Under ordinary 
conditions, a large amount of the elongated cavern would be 
beneath the level at which the water emerged at d, so that the 
heavier sediment would settle at the bottom of the inequalities, 
such as/ and^. The bodies of animals could scarcely be forced 
through even such a comparatively ample passage as that above 
represented, tlie general form of the channel, and especially the 
depending portions of the roof, <?, c, c, opposing obstacles to their 
transport outwards to d. Should the impediments to the passage 
of the water gradually accumulate (and among these large falls of 
firagments from the roof would be important), an outlet of this kind 
may be even completely stopped. If we suppose a submergence 
of the land, such a channel might also be completely filled with 
detritus, so tliat, upon a subsequent emergence, the , drainage 
formerly eifected tlirough the passage h, d, being blocked up, it 
passed elsewhere, and the former outlet, d, might form the entrance 
into an ossiferous cavern on the lower side of a Lill . 

Many caverns convey out waters which have accumulated amid 
the rocks of which they form a part, especially in limestone dis- 
tricts. These streams sometimes choke up parts of the cave, so 
that they cannot be passed during a rise of water, though com- 
municating between chambers still above the level of that water. 
Such subterranean streams occasionally transport sedimentary 
matter, and leave it in situations whence it is not easily detached, 
and where it may cover up the osseous remains of animala, or the 
works and even the bones of men. This would appear to have 
been the case, as respects the mode of occurrence of the human 
remains observed Dr, Buckland, in one of the branch chambers at 
Wokey Hole, in the Mendip Hills, near Wells. Human teeth and 
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fragments of bone were “ dispersed through red&h mud and clay, 
and some of them united with it by stalagmite into a firm osseous 
breccia.”* Among the loose bones he found “ a small piece of a 
coarse sepulchral urn.” The mud and clay seemed clearly to have 
been derived from the adjacent subterranean river, which, in its 
overflowing, reached this chamber. 

Ossiferous caverns are sometimes entirely destitute of stalagmite, 
forming a level crust over a floor, or even any deposits or incrust- 
ations of the kind. The ossiferous mass found in Banwell Cave, 
Mendip Hills, was composed of little else than fragments of the 
limestone in which the cave occurs, mingled with the bones of the 
cavern bear and other extinct mammals. Similar caves have been 
found elsewhere, the bones and fragments of rock only requiring, 
as M. Therria long since remarked, a cementing substance, such as 
carbonate of lime, indurated clay, or other mineral matter, to form 
those accumulations known as osseous breccias.^ As caverns which 
may liave been the dens of predaceous mammals, occasionally 
present clefts and fissures filled in this manner, it is important to 
ascertain, when such are exposed to view by the cutting back of 
quarries, whether they are merely clefts and fissures, such as repre- 
sented beneath (fig. 110), and which have probably never formed 
a portion of a cavern, properly so called, or are parts of an ossiferous 
cave, which further researches may expose. 

In this section (fig. 110) a, b, <?, represent fissures filled with 
ossiferous breccia, an oflset at /, giving a horkontal draracter to 


Fig. 110. 

a b c 



part of one of them. In limestone districts, and in such oountric9 
clefts containing osseous breccius are the most common ; a reddish 

* “ Reliquin BUuylaiue,” p. 165. 

t M^m. de la Sooldt6 d’Histoire Naturelle do Strasbourg,’* vol L, wherein ^ 
M. Therria describes the Grotte de Fouvent, in which, according to Cuvier, the 
remains of elephant, rhinoceros, hywna, cave bear, horse, ox, and a large feline 
animal were found. These remains were considered to have entered throng a olell 
in the rook, laid open by quarrying back a limestone. The cave was oompkt^y 
filled by bones, a yellow mart, and angular fhigments of the limeshme and rocks of 
the vicinity. 
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and calcareous cement is not unfrequent, though not constant, the 
hardness and consolidation of the general accumulation being very 
variable. The red colouring substance usually arises from the 
decomposition of limestones, in or near which the fissures occur, as 
has long since (1834) been remarked by M. de Cristol.* The 
carbonate of lime being wholly, or in great part, removed in solu- 
tion (the needful carbonic acid being present), the remaining 
portions of the limestone, comprising any carbonate of lime which 
may have been left, alumina, silica, or other substances, including 
iron, become coloured by the peroxidation of the latter, as may be 
frequently observed in the soil of limestone districts, particularly 
among the carboniferous limestone countries of the British Islands 
and Belgium. These fissures, when clearly unconnected with 
caves, are inferred to*have been partially filled by the falling in of 
animals.t 

Osseous breccias are found as might be expected, in difierent 
countries ; their contents variable, and pointing to differences in 
the time, though always at comparatively recent geological periods, 
when they were acciunulated : indeed, such could scarcely but 
have happened with these ossiferous accumulations, whether found 
in caverns or in fissures, since we have reason to infer that the 
bones of animals are now being gathered together in similar 
situations in different parts of the world.J It is chiefly as regards 
their possible or probable connection with the inferred interval of 
increased cold, at a particular time, in the northern hemisphere, 
that ossiferous caves and breccias are here noticed. Under the 
hypothesis of this increase of cold being accompanied by tlic sub- 
mergence of a large portion of Europe, affecting the area above 
mentioned, such submergence being gradual, perhaps with oscil- 
lations, unequal in different portions of the general area, and 


* ** Observations Centrales sur les Breehes Osseuses/* Montpollior, 1834. 
t With respect to the falling in of animals into fissures, Br. Buckland, directing 
attention to this subject in 1823 (** Reliquim Diluvlantt,*’ pp. 56 and 78), mentions that 
animals now fall into a fissure in Buncombe Park, Yorkshire, as it ** lies like a pitfall 
across the path of animals which pass that way.” This fissure was found to contain 
the skeletons of dogs, sheep, deer, goats, and hogs, each on the spot on which It 
actually perished.” It is remark^, that if a body of water entered this fissure, the 
bones and the fragments of the limestone in which it occurs would be all wash^ to 
the bottom.' Br. Buckland also referred to the loss of cattle down fissures, and into 
caves, experienced by the fanners in the limestone districts of Berbysbire, Mon- 
mouthshire, and Glamorganshire. 

t Ossiferous caverns and fissures are found in various parts of Europe. They have 
been discovered In England, Spain, France, Italy, Sardinia, Balmtia, Croatia, 
Camiola, Styria, Austria, Hungary, Poland, and Germany. In the latter, bone 
caves have long been well known, and Cuvier pointeit out, in 1813, that they ox* 
tended over 300 leagues (“ Ossemens Fossilcs,** Ire Ed.). In 1828, Br. Buckland took 
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followed by a rise of the same area, also, perhaps, with osdillaricais,* 
and with very considerable modifications of its surface, there are 
apparently conditions for much movement amid the terrestrial 
animals of this portion of the northern hemisphere. They would 
be sometimes isolated and destroyed, as by continued depression, 
the sea passed over their feeding grounds ; at others, they would 
retreat to regions where they could, for a time, establish them- 
selves and increase, some species being better able to preserve 

a general view of the subject (** Reliquiae Diluvianae’*) us &r as it was then known. In 
his “ History of British Fossil Mammals and Birds/' Professor Owen brought it up, with 
much new information, to 1846, more especially as regards the osseous remains of 
this kind discovered in the British Islands; and, in 1848, the Vicomte d'Archiae 
(** Histoire des Progr^ de la Gcologie,*' vol ii., Ire Partie) published abstract state- 
ments of the knowledge obtained from 1834 to that date respecting ossiferous caves 
and fissures, and of their connection with the superficial deposits of the more recent 
geological accumulations in various parts of the world. Australia has furnished its 
ossiferous caves and breccias, the remains of the animals detected in them being 
chiefiy of the marsupial character, one so strongly marking the mammalia of that 
land in the present day. Part of the species of mammals, the remains of which are 
thus obtained are extinct, while others still live in Australia. 

* As regards oscillations, when the caves were situated at a small elevation above 
a tide-way in an estuary, or at such a distance up a river, tidal at the lower 
end, that a change in the height of the tides would alter the previous level of the 
river, there could be oscillations at one time permitting a cave to be inhabited by 
predaceous mammals, at others so fillhig it with water that they retreated from it. 
Where there are alternations of stalagmitic floors, covering even surfaces with bone 
accumulations, as is stated to have been the case at Chockier, on the ^anira of the 
Meuse, about two leagues from Liege, it is always desirable to consider the extent to 
which the presence or absence of sufficient water in the lower parts of caverns may 
have produced such alternations, the roof and sides always famishing the needful 
carbonate of lime, at one time forming the stalagmitic crusts, at another being too 
much dispersed in the water to afford a deposit. 

Though the osseous breccia beneath the Castle Hill at Nice, of which the following 
(fig. Ill) is^a section (made in 1827), may not be immediately connected with the 
northern movement of land noticed in the text, it may yet assist the observer, as 
showing the kind of evidence which may occasionally present itself. The face of 
the quarry, q, had been out back beyond the fissure, the sides of which were bored 
at /, /, /, by the common Lithodomusy now inhabit- 
ing that part of the Mediterranean, so that it was 
once an open fissure beneath the level of the sea. 

This fissure, up to the lip of the cavity on that 
side, c, then became filled with rolled pebbles, 
chiefly transported from a distance, and afterwards 
cemented by Qalcareous matter. Above this was 
the osseous breccia, o, rising up to the top of tho 
fissure on the side, a, but whether this was accu- 
mulated, like most osseous breccias, on dry land, 
is not so clear, marine as well as terrestrial shells 
being mingled with it. Osseous breccias are 
found in the same vicinify up to the height of, at 
least, 500 feet above the level of the Mediterranean, 
and some breccias, not ossiferous, but otherwise 
similar, solely contain marine remidns, so that, 
perhaps, these fissures may have been partly filled on dry land and partly in the sea. 
At Cagliari, Sardinia, the remains of a Myiihu are found mixed with ossem biecoia 
at 150 feet above tho sea. 


Fig. 111. 
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themselves than othei*s. Upon a rise of the sea-bottom, and the 
consequent formation of new lands, migrations would be effected, 
according to the relative levels of these lands, as regards the sea, 
and as passages for the movement of certain animals would some- 
times present themselves more favourably in one direction than in 
another.* Accumulation of the bones and tecili of the same 
species of elephants, rhinoceroses, and other animals, the remains 
of which occur in accumulations beneath those formed at the cold 
or ‘‘glacial’' time, are considered to have been detected also 
above them, together witli the remains of some mammals not pre- 
viously inhabiting the area of the British Islands, and adjacent 
portions of the continent of Europe. This subject offers a fertile 
field for the labours of* an observer. Though much may have been 
accomplished, much remains to be done, and it will require his 
especial care to see, that amid the new lakes and river channels 
formed when the ground took that general configuration which 
we now find, a rearrangement of bones, washed out of the older 
deposits containing remains of the Eleplm primigmim, Rhinoceros 
tichorhinxiB, and their contemporary mammals, and carried iixio 
the newer lacustrine and fluviatile beds, may not occasionally have 
been such as to mingle the osseous remains of the species of one 
time with those of another. 

As to the ossiferous caves, several closed at their mouths during 
a time of submergence, may have been reopened by the sub- 
sequent removal of the dctrital matter then accumulated, S(j that 
animals of the later time and of suitable habits again entered or 
dragged their prey into them ; other caverns being laid, open for 
the first time for the entrance or full of mammals, by the ordinary 
marine causes of denudation, during a depressam and subsequent 
upheaval of the land. Many a surface is covered over by gravels, 
concealing former inequalities, amid which there may be caves and 

♦ Mr. John Morris, when noticing the occurrence of mammalian remains at Brent- 
ford (Athenmum, Pro. Geol. Socicly, fy Dec, 1849), points out im imporlniU “ that it is 
generally along those valleys where the present drainage ef the CA>uutry is efTectcil 
tlvat we find the most extensive deposits of mammalian remains and recent shells, and 
consequently that very little alteration can lisve taken pltico in the physical con- 
figuration of the country since their deposition.** The remains discovered at Brent- 
ford, and giving rise to these observations, were those of tlic elephant, rhinoceros, 
hippopotamus, auroch, short-homed ox, red deer, rein deer, and great cave tiger or 
lion. A few shells of recent freshwater species were found at the same time. As 
regards the existence of land and fresb-water molluscs, of the kinds still Inliabititig 
Britain, Bfr. Searles Wood, in his remarks “ On the Age of the Upper Tertiarles i» 
Eni^d (Athenaeimt, Geol. Society, 5 Dec. 1849), infers, from a list of the mammab 
at different geological periods, <Uhat a race of animals has arisen and departed whilst 
the land and fresh-wotcr mollusca have lived on unafteroil,** and also that ** fresh- 
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fissures, ossiferous or not, aec^rding to circumstances. The 
accornjianying section (fig. 112) is one of a quarry wherein lime- 
stone, J, 4, presenting a very irregular outline, is covered over by 
gravels, a, a, giving a general rounded outline to the surface. 

Fig. 112. 



The quarry Is situated at Waddon Barton, near Chudleigh, Devon, 
and the limestone is of the kind (Devonian), wherein several 
caverns and fissures of the district are found (Kent's Hole, Yealm 
Bridge, Plymouth, and elsewhere), partly ossiferous and partly 
without bones. Amid such varied modifications of surface as 
would follow submergence beneath^ or emergence from seas, at one 
time perhaps bounding the area of the British Islands and adjacent 
portions of the Continent, as represented (figs. 65 and 99) by a 
line of depth, now no more than 600 feet beneath the surface of 
the Atlantic ; at another cutting existing highlands at about 1,000 
or 1,300 feet above that level, and finally producing the present 
distribution of land and water in Western Europe, it could scarcely 
liappcn but that caves and fissures were placed imder many modi- 
fications of condition. Not only may they have been closed at one 
time, and open at another, never completely blocked up, or pre- 
viously laid open, as above noticed,* but they may also be cut 

* Mining operations in limestone districts, such, for instance, as that of Derby- 
shire, afford numerous instances of the irregular distribution of caverns, so that new 
surfaces of land being produced, changes of this kind would follow. The Speedwell 
Mine in that county is a good example of a lofty cave, cut into while driving a 
mining tunnel, this cavern evidently communicating with the great cave of the Peak 
at Castloton, since the rubbish from the one gets drifted into the other by the water 
passing through a scries of subterranean channels. It was in 1822, while working 
tlio Dream lead-mine, near Wirksworth, In the same district, that a cavernous termi- 
nation to a fissure, communicating with the surface, was discovered ; one whicli was 
found by Dr. Buokland to contain, among other osseous remains, tkose of a 
nocerott iichorhinut^ 80 placed os to leave little doubt that they oonsUtuted Qia skoletan 
of an animal which had fhllcii Uom above though a Sssare.— '^Bellniltt Biluw 
vianaD.» nn. 61-07. aud Tlatc. X. . H u 
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back in such a manner with the adjacent rocks, that though they 
contain the osseous remains of earlier times, they are now apparently 
unfit, or at least most inconveniently situated, for the retreat or 
dens of predaceous mammals, or for trap-falls to them and the 
animals on which they lived.* 

With regard to the migration of the great mammals of the north- 
ern hemisphere immediately before, during, and after the time 
when the cold is inferred to have been such as above noticed, and 
when, by means of ice, huge masses of rock and other detritus 
were transported, and thrown down on sea-bottoms, parts of which, 
upraised, now constitute a large portion of the diy land of North- 
ern Europe, Asia, and America, it becomes interesting to consider 
the mode of occurrence of the remains of the mastodon, a genus of 
great proboscidian manunals, approximating to, and of about the bulk 
and general form of the elephant. Those discovered in England 
have not been numerous, and have hitherto only been obtained 
from accumulations in Norfolk,t formed anterior to those, in the 
British Islands, in which are found the remains of the Elephas 
primigenius, the RhinoceroB ticTwrhimis, and other mammals of that 
time. As far as can be inferred from negative evidence, the Mas- 
todon (mffustidensy the species which inhabited the British area and 

* Dr. Buckland, in 1823 (** Reliquiae Diluvianae/’ p. 95), describing the Paviland cave, 
occurring in the face of a limestone cliiT near Swansea, remarks on this kind of denu- 
dation, observing that these caves are analogous to those in the equally vortical and 
not less lofty cUfOs that flank the inland valleys of the Avon at Clifton (Bristol), of 
the Weissent river at Muggendorf, of the Bode river at Rubeland in the Hartz, and of 
the Mur at Peckaw, near Gratz, in Styria all these being the truncated portions of 
ossiferous caverns cut back by denuding influences. 

t The ^ Crag,** as these deposits are usually termed, is an accuraulatioii of gravel, 
sand, and clay, with often an abundance of shells, extending over parts of Norfolk, 
Suffolk, and Essex. It, and deposits above it, have been described by Mr. Taylor 
(Geology of East Norfolk, 1827), Mr. Woodward (Geology of Norfolk, 1833) 
Mr. Charlesworth (London and Edln. Phil. Magazine, 1835; British Association, 
1836, Ac.), Shr Charles Lyell (Mag. Nat. Bist, new ieriesj vol iii., 1839 ; London and 
Edin. PhiL Mag., 1840), Mr. Searles Wood Q* Catalogue of Crag Shells,** Mag. Nat Hist 
184IM2), Mr. Trimmer (** Geology of Norfolk,*’ Journal of the Agricultural Society, 
vol. vii.), and others. The lower part of these deposits is known as the Coralline 
Crag, fnm containing numerous fossil corals, and 400 species of shells are stated 
to be found in it. Upon this reposes the Red or Norfolk Crag, in which 300 species 
of shells have been found, about half of the latter occurring also in the coralline crag. 
Above these are beds known as the Mammilifmme, or Fluvh'^marine Crag, containing 
fresh-water accumulations. In connexion with the latter, and stated to be rooted 
upon it, there are the remains of a forest of flr-trees. Mr. Trimmer also notices a 
marine deposit between the fresh-water beds and the succeeding mass of boulder 
clay, the parts of which are so strangely contorted and twisted, the effects, it has been 
inferred, of the action of grounded icebergs and coast ice on a sesrbottom or coast. 
Though doubts have been expressed as to the beds to which some of the mammalian 
remains should be referred, it seems agreed that those of the Maetodon anguetidmn 
occur in the fluvio-marine or flresh-water accumulations, which are also remarkable 
for containing many existing shells. Dr. Mantell mentions (** Wonders of Geology,** 
6th edit.,M848, vol. i.,p. 224) thirteen teeth of the mastodon as having been obtained 
from the latter. 
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parts of Europe,* had passed away, at least in the former, before 
the mammoth appeared. Wherever this elephant may have 
retreated during the supposed greater cold in the higher latitudes 
of the northern hemisphere, it passed, in its subsequent migration, 
into North America, apparently roaming amid the same districts 
with a gigantic mastodon (Jf. gigarUevs)^ if the inference be 
correct, that the dispersion of the erratic blocks and associated 
detritus of that region was contemporaneous with that over 
Northern Europe. At all events, the surface on which both these 
mammals fed, appears certainly to have been that which resulted 
from the dispersion of such accumulations in North America, 
both animals sometimes lost in boggy ground, as many an animal 
now is at the present day, and there perishing, their bones, after 
the decay of the flesh, preserved in a certain amoimt of original 
arrangement. If it should eventually be found that the remains of 
tlie mammoth do not occur in lower deposits of North America, 
tliat the North American is certainly the same elephant with the 
JSlephas primigmim^ and that the erratic blocks and associated drift 
of both regions are really contemporaneous, there will have been 
evidence of a remarkable migration of the mammoth from the west 
to the east, after an interval of increased cold in the northern 
regions, and a submergence of them beneath the sea. On the east 
the mammoths would have become associated with a species of a 
huge proboscidian which had disappeared, as a genus, from West- 
ern Europe, prior to their existence there, but which still continued 
to flourish on the continent of America. The renudns of the mas- 
todon arc stated to be found amid the superficial deposits of that 
continent as far as latitude 66® N., thus bringing them within the 
climates apparently not unfavourable to the mammoth, though, as 
Professor Owen has remarked, “ the metropolis of the Moxtodmi 
giganteus in the United States, like that of the Mastodon angusti- 
dens in Europe, lies in a more temperate zone, and we have no 
evidence that any species was specially adapted, like the mammoth, 
for braving the rigours of an arctic winter.”t 

* The remains of the Mattodum anguUidem have been dieeovered in France,, 
Germany, and Italy. 

t Hist, of British Fossil Mammals,** p. 297. 

Respecting tlio remains of the Madodon, gigemiau^ Bigbone Lick, in northern 
Kentucky, and about seven miles up a tributary of the Ohio, has long been celebrated 
for them, and they have also been discovered in several other locaUties. The 
** Lick,** is so called from the saline springs which varlons a nim als frequent. 
Even the contents of the stomach of the Madotkm gigaMtm have been discovered, 
containing crushed branches and leaves, grass, and a reed now well known in Virginia. 
A summary of the knowledge respecting the mode of occurrence of the American 
mastodons will be found in Sir Charles I^yeirs Travels in North America. In his 
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The cJwawet leadily perceive that much, leqmi^ greet 
care, is needed in investigatious of this kind, and that, when en- 
deavouring to trace the paths by which such ^mals may have mi- 
grated, and to ascertain the loc^ties frwn whence, after retreating, 
they may again have, in part, been dispersed, districts over which no 
seas have passed, duringthe lapse of the sxipposed geolc^cal rime, are 
of no slight value. Hence, among other objects of geolo^cal interest, 
the r^on of extinct vokanos in Central France is important, inas- 
much as it seems to have constituted dry land, during a range of 
time when several animals which once lived on its surface became 
extinct, among them the mammoth and Rhinoceros tichorhinus. 
•Amid the various notices of the remains of mammals found in situa- 
tions giving them geological date, may be mentioned that of M. 
Pomel, wherein he describes an ossiferous fissure in ,i lava current 
(near Orbieres, on the south of Clermont), which had issued from 
Giavenoire. It was filled with volcanic sand, pulverulent car- 
bonate of lime, and bones which are stated to be the same as those 
of Coudes and other contemporaneous accumulations, containing 
the remains of the elephant, Rhinoceros tichorhinus, horse, ox, &c.* 
Land shells, of species now existing in the district, are mentioned 
by M. Pomel, as associated with these ossiferous deposits, so that in 
this region also, as in others of Europe and North America, great 
mammals have become extinct, while land and fresh-water molluscs, 
living with them, have continued to exist up to the present time. 


Paper (Proceedinge of tlie Geol Society, vol. iv., p. 3C, 18.18), on the Geological 
Position of the Mastodon giganieum^ and associated Fossil Remains of Bigbone Lick, 
Kentucky, and other localities in the United States and Canada, he pointed out that 
‘‘on both sides of the Appalachian chain the fossil shells, whether land or fresh- 
water, accompanying the bones of the mastodons, agree with species of mollusca now 
inhabiting the same regions,” He also concluded that “ the extinct quadrupeds, 
before alluded to in the United States (mastodon, elephant, mylodon, megatherium, 
and megalonix), lived after the deposition of the northern drift ; and consequently 
the coldness of climate, which probably coincided in dote with the transportal of the 
drift, was not, as some pretend, the cause of their extinction.” 

* “ Bull, de la Soc. de France,” tom. xiv., 1842-3. A very instructive lecture was 
given by Sir Charles Lycll, at the Royal Institution of Great Britain, on this region 
in 1847, an account of which appeared in the Athenaeum of the time. He especially 
called attention to changes which its mammals had undergoue, as shown by the 
osseous remains preserved in the alluvium associated with volcanic accumulations, 
no flood or return of the ocean having disturbed the surface,” 




CHAPTER XVII. 

VOLCANOS AND THKIR PRODUCTS.— IIEIOIIT ABOVE THE SEA.— CRATERS 
OF ELEVATION AND ERUPTION.— FOSSiLIFEROUS VOLCANIC TUFT BEDS. — 
SEVERAL CRATERS ON ONE FISSURE. — VOLCANIC VAPOURS AND GASES.— 
VOLCANIC SUBLIMATIONS. — MOLTEN VOLCANIC PRODUCTS. — FLOW OF LAVA 
STREAMS.— VESICULAR LAVA.— VOIXANIC CONES.— COTOPAXI.— VOLCANOS 
OF HAWAII. — EFFECTS OF LAVA ON TREES, 

DiSTRinuTED over various portions of the earth's surface, as well in 
high southern and northern latitudes, as in temperate and tropical 
regions ; at points in the ocean far distant from main masses of dry 
land, as well as upon the latter themselves, free communications are 
effected between the interior of our planet and its atmospheric 
covering, through which molien rock, cinders, and ashes are 
ejected. That great heat, if not the primary, is at least a chief 
secondary cause by which these mineral substances are thus up- 
licaved, is rendered evident by the high temperature of the bodies 
thrown out. The molten rock flows as a viscous fluid, and retains 
its high temperature for a long succession of years; and mineral 
substances are volatilized, which, we learn from our laboratories and 
furnaces, are only raised to that state by great heat. At the 
same time that these mineral bodies arc ejected, vapours and gases, 
of a certain marked character, arc expelled, so tliat by carefully 
combining the mode of occurrence of the various products, with the 
composition of the substances themselves, an observer, by the aid 
of sound chemistry and physics, may hope so to direct his inquiries 
as to obtain a fair insight into the causes and effects of volcanic 
action. 

As regards altitude above the level of the sea, volcanic products 
are accumulated at various heights above that level, doubtless also 
forming the bases of many volcanos beneath it on the floor of the 
occani The most elevated of known volcanos constitute such an 
insignificant fraction of the earth's radius, that variations in height 
do not appear to offer any great aid in ascertaining the causes of 



318 


CRATERS OF ELEVATION AND OF ERUPTION. [Ch. XVII. 


volcanic action, though certain of its effects may thereby be some- 
what modified, especially when volcanos rise into the regions of 
perj^tual snow, Cotopaxi, the cone of which rises, in the Andes, 
12 leagues S.S.E. from Quito, to the height of somewhat more than 
19,000 feet above the sea, forms but an insignificant part of the 
radius of the earth, not constituting so much as 3| miles of that 
radius, or about th of it.* 

With respect to the kind of openings through which the gaseous 
and mineral substances are vomited forth, there has existed much 
difference of opinion. While some geologists infer that the rocks 
through which the volcanic forces found vent had been so acted 
upon that they were upraised in a dome-like manner, the gaseous 
products bursting through the higher part, driving the lighter 
substances into the atmosphere, if the dome were elevated into it, 
and raising the viscous molten rock, so that it flowed out of the 
orifice ; others consider that there has been a simple fissure or aper- 
ture in the prior-formed rocks through which the volcanic products 
were propelled, the solid substances accumulating round the vent, 
so that a deceptive dome-like appearance is presented. 

The following sections (figs, 113 and 114) may assist in show- 
ing the differences between the craters of elevation,” first brought 
under notice by M. Von Buch, and so ably illustrated by M.,£lie 
de Beaumont and other geologists, and the ‘‘ craters of eruption,” 
as they have been termed. Fig. 113 represents a portion of 


Fig. 113. 



♦ Humboldt (Kosmos) refers to the relative height of volcanos as probably of con- 
sequence if we should assume their seat of action at an equal depth beneath the 
general surface of the earth. He refers to eruptions being commonly more rare 
from lofty than from low volcanos, enumerating the following :—Stromboli, 2318 feet 
(English); Guacamayo (Province of Quiros), where there are almost daily detona- 
tions; Vesuvius, 3876 feet; Etna, 10,870 feet; Peak of Teneriffe, 12,175 feet; and 
Cotopaxi, 19,070 feet. 
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deposits more or less horizontally arranged, fractured and upraised 
in a conical or dome-shaped mass, a portion of them, g a cbhj 
being divided and rent at e, so that volcanic forces, pressing 
through, find vent. For the sake of illustration, the rocks broken 
are assumed to be accumulated in beds. This is by no means 
essential, the mass disrupted may have been composed of certain 
crystalline rocks, such as granite, to be hereafter noticed, bearing 
no marks of stratiform arrangement. If now ashes and cinders be 
thrown out of this vent, and accumulate in more or less conical 
layers, one outside the other, until at g and A, the original and up- 
heaved beds are concealed, and a crater presents itself* at v, through 
which similar substances continue to be thrown, it may be very 
difficult to distinguish such an arrangement of parts from those 
effected by the propulsion of similar substances through a simple 
longitudinal crack, as represented in fig. 114. In this section, a 


Fig. 114. 



scries of b^jds, a b (for more contrast represented as previously 
upraised in a mass, and as all sloping or dipping in one direction), 
is traversed by a crack, which, though it divides the beds, has not 
been accompanied by upheaval or depression of one side or the 
other. Through this vent, (?, cinders and ashes are supposed to 
have accumulated in conical layers, as before, the apex crowned by 
the crater, v. 

It will be obvious that in both cases, if the volcanic accumula- 
tions had been subaerial, even with the addition of the flow of lava ^ 
currents, and of cracks amid the ashes and cinders filled with 
molten rock, (which have been excluded from the sections to 
render them more simple,) much difficulty would arise from tlie 
general similarity in the arrangement of the volcanic products 
exposed to sight, unless denudation from atmospheric influences, 
or the sinking or blowing off of a large part of the volcano, afforded 
a better insight into the general structure of the mass, so that, as 
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shown by fig. 113, portions of subjacent and tilted beds of dis- 
similar rocks could be seen, as at g and 7<, or of similar volcanic 
accumulations, as in fig. 114. 

Evidence of a better kind would be expected, should the ashes, 
cinders, and molten matter have been accumulated both beneath and 
above a sea level, the action of the breakers denuding the general 
mass, so that more illustrative sections would be afforded. Thus, 
if upraised above the sea level, the original dome or cone-shaped 
rocks, a b (fig. 113), though covered, for a time, by a mass of 
matter, g vh^ the result of a high state of activity in the volcano, 
may finally become visible, and afford the information sought. 
In the same manner, evidence of another kind may be obtained, 
as regards the accumulation from simple volcanic eruption, by 
marine denudation, as shown in fig. 114. In both sections it is 
supposed, that volcanic action not ceasing, conical accumulations 
may continue to be formed inside a crateriform cavity, more or 
less occupied by water, cliffs all round facing an active volcanic 
vent, as at / (fig. 113). 

Under even these favourable circumstances, the observer should 
employ great caution. The facts jiresentcd to him may require no 
little comparison and classification; for in such localities, more 
especially, he has to consider how far the relative levels of the sea 
‘and land may have remained the same since the various accumula- 
tions before him have been cfiected. Let it be supposed, for 
illustration, that he detects organic remains in beds surrounding 
the interior basin of water, in which the volcanic island still vomits 
forth various gases and products. Should the deposits g and h 
(fig. 113) be of the more recent geological times, commonly 
marked by the presence of* the remains of molluscs, not much, if at 
all, differing from tliose still existing in the vicinity, and should 
the mineral composition of the including beds not be decisive on 
the point, the subject may not be so clear. By reference to the 
section (fig. 114), it will be seen that if the line, d e, representing 
the present level of tlie sea, be raised, and, consequently, the whole 
mass of rocks, including the supporting deposits, a c b, relatively 
"'depressed, the layers now above the sea, being then below it, 
molluscs may have lived upon and amid these layers while they 
successively constituted the sea-bottom, as upon any other sea- 
bottoms, and as many molluscs must now do around volcanic islands. 
There is no difficulty in considering that, during a long lapse of 
time, breaker action aided in the re-arrangement of many sub- 
stances, including animal remains, on the subaqoous slopes of vol- 
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canos, the angle of the beds varying according to obvious conditions. 
Any change in the relative levels of the sea and land, which the 
observer, as he pursues his researches, will find to have been so 
frequent, and often so considerable, that should raise the general 
mass (fig. 114), so that d ^ be the line of sea level, would expose 
the edges of these fossilifcrous beds facing the interior. And it 
should be borne in mind, that in many localities calcareous beds, 
and even limestone, may become mingled with such deposits during 
their submarine aceumulation. 

When studying the fractures and contortions of rocks, as well on 
the small as the large scale, there will be frequent occasion to 
remark, as will be more particularly sho^^m hereafter, the mixture 
of flexures and fissures, and the extension of the one into the 
otlicr. Tlie subjoined example (fig. 115) of the termination of a 

Fig. 



1‘racturc and flexure, occurring amid the slightly-inclined beds of 
lias near Lyme Regis, Dorset, may aid in illustrating, a point of 
much interest connected with the present subject, namely, that in 
the more marked instances adduced of “ craters of elevation,’’ a 
considerable break or outlet is often found on one side. The plan 
(fig 115) shows an alternation of the thin-bedded limestone of the 
lias of Dorsetshire with shale, the whole broken through by a crack, 
a, b, the continuation of one where there is dislocation producing 
movement on the sides, and which terminates in a boss at 6, with 
somewhat diverging small cracks. The interior is composed of 
limestone, round which shale, covering it, is exposed by the pear- 
shaped protrusion, outside which is another limestone bed, c c e, 
dipping outwards from the central portion, 6, the whole taking a 
more horizontal character towards a, where, for a certain length, 
the plane surface is merely broken by a fissure. With proper 
forces and resistances employed, a like disposition of parts could be 
obtained on the large scale. 

If, as on the subjoined plan (fig. 116), such a state of things 
luul been brought about on the large scale, and volcanic forces had 
been enabled to find vent at different points, there may be good 
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evidence of a crater of elevation, and of other volcanos presenting 
no such evidence, all situated on a great line of fracture ending in 
a dome-llkc flexure, with, perhaps, a common communication 

Fig. 116 . 



d 


between them. At d a the beds broken through would dip, 
with radiating cracks, around a gorge opening in tlic direction ol‘ 
the main fissure towards S , while surrounding the volcanic vents, e 
and /, the strata may be horizontal. Under such circumstances, 
the volcanic accumulations being continued, so that they may be 
intermingled, if the whole be regarded with reference to depression 
beneath the sea, or elevation above its level, the observer will 
perceive that numerous complications would arise, requiring no 
slight care properly to appreciate. 

As there is every reason to infer that volcanic substances have 
been, and arc ejected at various depths beneath the sea level, as 
well as above it, the modifications of tlie products arising under 
the former conditions liave to be properly estimated, more particu- 
larly when we have to associate such modifications with changes 
in the relative levels of sea and land, so that accumulations formed 
at various depths beneath water may be mingled with those 
gathered together in the atmosphere. That subaqueous would 
gradually approximate to subaerial deposits, as the accumulations 
round volcanic vents rose from different depths in the sea above 
its level, will readily be understood. When eruptions pierce 
through the sea level, ashes, cinders, and stones arc gathered round 
a crater, and vapours and gases are evolved, as happened off 
St. Michael’s, Azores, in 1811 (p. 100), and in the Mediterranean, 
between Pantellaria and the coast of Sicily In 1831 (p. 70). At 
such times the volcanic forces so accumulate mineral substances 
around the vent, and so, for the time, overpower the action of the 
sea, that it is not until these forces have been expended, or greatly 
abated, that the breakers can abrade the land, and, supposing 
no subsidence, or falling in of the mass of volcanic matter thus 
raised, and the latter sufficiently incoherent, level off the accumu- 
lations to the depths to which waves can mechanically act. 
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Fully to appreciate the modifications which may arise in volcanic 
action at various deptlis in water, productive of effects which can 
only be inferred, very careful study of the gases and vapours 
evolved, of the chemical composition and mineralogical character, 
and of the mode of occurrence of the solid substances thrown out 
from subaerial volcanos, is needed. With regard to the vapours 
and gases evolved, the chief appear to be aqueous vapour or steam, 
sulphurous acid, sulphuretted hydrogen, hydrochloric acid, and 
carbonic acid. Steam is a very common prfxluct, and, as Dr. 
Daubeny has remarked, is sometimes emitted for ages from volcanic 
fissures.* Hydrochloric acid is also common in various parts of 
the world. Sulphurous acid has been inferred to predominate 
“ chiefly in volcanos having a certain degree of activity ; whilst 
sulphuretted hydrogen has been most frequently perceived amongst 
those in a dormant condition.” f Carbonic acid is observed at the 
close of eruptions, or in extinct volcanos, and is stated to be 
emitted more from the bases and neighbourhood of volcanos, than 
from their craters.f Besides these gaseous products, which can 
be collected when volcanic vents can be approached sufficiently 
near for the purpose, it is now considered that there is an inflam- 
mable gi^ occasionally evolved from some craters and volcanic 
fissures, which gives the flame often mentioned, but at one time 
much doubted. Of what kind this gas may really be, appears as 
yet uncertain, and may long remain so, inasmuch, as it seems 
chiefly evolved under conditions, such as violent eruptions, 
unfavourable to examination. Flame observed by Professor Pilla 
to be enutted from the crater of Vesuvius, in June, 1833, was of 
a violet-red colour, and the gas producing it inflamed only when 
in contact with the air.§ As Dr, Daubeny observes, hydrogen 

* “ Description of Active and Extinct Volcanos,” 2nd edit., p. 607 ; 1848. There 
would appear to be a constant emission of steam from Tongariro, Now Zealand, a 
volcanic mountain rising to about 6,200 feet above the sea. From time to time hot 
water and mud arc ejected, and pour down the mountain side, ** coupled with ejections 
of steam and black smoke, with a noise like that of a steam-engine, but no lava or 
scoriae.” — /^..p. 429. 

t Daubeny, “ Volcanos,” 2nd edit., p. 608. As regards the discharge of sul- 
phurous acid and sulphuretted hydrogen, the one more in some places than in others, 
Dr. Daubeny remarks, that the presence of the one does not prove the entire absence 
of the other, since these two gases when they meet decompose each other, forming 
water and depositing sulphur; and that merely the portion of cither which exceeds 
the quantity necessary for their mutual decomposition will escape from the orifice ; 
so that the gas which actually appears indicates only the predominance of the one, 
and not the entire absence of the other.” 

X Daubeny, Volcanos,” 2iid edit., p. 612. 

§ Edinburgh New Philosophical Journal, 1843. From observatibns made by him in 
the crater of Vesuvius in 1833 and 1834, Professor Pilla concluded that ftames never 
appear at Vesuvius but when the volcanic action is energetic, and is accompanied 
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and its compounds not inflaming wlicn steam or hydrochloric 
acid are mingled with them in certain proportions, and both these 
being abundantly evolved in most eruptions, an inflammable gas 
might escape into the air thus mixed, without being inflamed. 
Hence, though this gas may be often present during violent erup- 
tions, it may not always be so under conditions for supporting 
flame. 

As regards tlic sublimations from volcanos, we should anticipate 
that they would be varied, seeing that the conditions under which 
volcanic forces and products may find vent could scarcely but be 
variable also. Among tlic most common is chloride of sodium, or 
common salt, one which is important from being found connected 
with volcanic action in such different parts of tlic earth’s surface. 
Specular iron ore is often found sublimed in chinks and cavities, 
as is also muriate of ammonia in certain volcanos, llcspccting 
sulpluir, it lias been inferred to be derived “cither from the 
mutual decomposition of sulpliurous and sulphuretted hydrogen 
gases, or from the catalytic action exerted upon the latter gas by 
23orous bodies, assisted by a certain temperature.”* The sublima- 
tions of the sulphurets of iron and copper, chloride of iron, oxide 
of copper, muriate and sulphate of potass, selenium, and others, 
though apparently accidental, have been shown by M. £lic dc 
Beaumont t to have an important bearing upon the filling of 
mineral veins, as will be hereafter stated. 

The ashes, cinders, and molten rock ejected, may often be con- 
sidered as little else than modifications of the same substance, at 
one time kept in a state of fusion, vapours and gases, piercing 
through it, at another driven off by these vapours and gases in 
portions of different volume, more or less impregnated with them. 


with a development of gaseous substances in a state of great tension ; that they do 
not appear when the action is feeble; that their appearance always accompanies 
explosions from the principal mouth, where, however, they cannot be observed except 
under favourable circumstances ; that they likewise show themselves in the small 
cones in action, which are formed in the interior of the crater, or at the foot of the 
volcano ; and that, finally, they are not visible except in the openings which are 
directly in communication with the volcanic fire, and never on the moving lavas, 
which arc at a distance from their sources. 

♦ Daubeny, “Active and Extinct Volcanos,” 2nd edit., p. 615. After quoting 
M. Dumas (Annales de Chimie, Dec. 1846), as having show'n that “ where sul- 
phuretted hydrogen, at a temperature above 100° Fahrenheit, and still better when 
near 190°, comes into contact with certain porous bodies, a catalytic action, as it is 
called, is set up, by which water, sulphuric acid, and sulphur are produced,” Dr. 
Daubeny points out that the vast deposits of sulphur, associated with the sulphates 
of lime and strontia of Western Sicily, may have been thus produced. 

t “ Sur lea Emanations Volcaniques et Mctalliftres.”— Bull, dc la Soc. Geol. de 
France, 2nd serie, t. iv., p. 1249. 
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SO as to be rendered cellular ; these portions finally so triturated 
and worn into fine grains and powder, that while part may fall 
with the cinders in a conical form around the volcanic vent, 
another portion may be so light as to be borne great distances by 
the winds, as from St. Vincent’s, in the West Indies, above the 
trade-winds, far eastward over the Atlantic. 

The rock In fusion, while occasionally, but somewhat rarely, up- 
lifted in a volcanic vent to, or so near the lip of the crater as to 
flow over the outside in a viscous stream, more frequently breaks 
through different portions of the side ; a result which would be 
anticipated from the pressure of a substance of the kind, and from 
rents formed in the sides of a volcano during violent eruptions. 
After ejection its solidification will necessarily depend upon the 
conditions to which it is exposed, the volume of the molten mass 
thrown out being duly regarded. Like all other mineral bodies of 
the like kind, if rapidly cooled, lavas form glasses, commonly 
known as obsidians, when asstxjiated with volcanic products; if 
slowly cooled, and in sufficient volume, crystallizing, as is easily 
illustrated by experiment.* The heat of lava currents would 
appear to vary, a circumstance to be expected, as whatever may 
have beeft the temperature of the molten mass when in the 
volcano, that of its exclusion would depend upon the cooling influ- 
ences to which it may have been exposed before it flowed outside 
the volcano, and could be examined. It has been inferred that 


* So far back as 1804, the experiments of Mr. Gregory W^att (“Observations on 
Basalt, and on the Transition from the Vitreous to the Stony Texture which occurs in 
the Refrigeration of Melted Basalt/’ PhU. Trans., 1804), proved, as respects basalt 
(that of Rowley Hill near Dudley), when a moss of it weighing seven hundred- 
weight was melted and slowly cooled in an irregular figure, that according to the rate 
of cooling of the various parts, was the structure, one passing from the vitreous to the 
stony. The silicates forming common glass may, as is vrcll known, by slow cooling, 
be made to pass into a stony state. We have made many hundreds of experiments 
upon the melting and recrystallization of igneous rocks, even succeeding in the 
reduction of certain granites into a gloss, and again rendering this glass stony. The 
varied chemical composition of the substances which may be reduced to the vitreous 
state is quite sufficient to show that obsidian is a mere rock-glass which can be formed 
under the requisite condition of comparatively rapid cooling from very difierent 
compounds. We have reduced portions of some stratified rocks to this state. Tliis 
is by no means difficult to accomplish when a moderate amount of lime is present, so 
that silicate of lime may bo produced and act as a flux, as in the ordinary smelting of 
the argillaceous iron ores of the coal measures. By a little management, slates and 
shales, with the requisite dissemination of carbonate of lime, may be converted into 
excellent pumice, intumescence being produced in the melted viscous substance by the 
carbonic acid. The experiment retpiires, however, to bo carefully watched ; for if 
the crucible be not removed in time, the carboidc acid escapes, and the vitreous sub- 
stance alone remains, which may readily, if thought desirable, be, by slow cooling, 
rendered stony. To produce crj’stallizatlon by very slow cooling requires great care, 
and, for the most part, a somewhat large portion of rock. 
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the temperature at which lava will continue to flow is sufficient to 
melt silver, lead being rendered fluid in about four minutes. 
Whatever the requisite heat may be,* lava is Ibund to retain it for 
a long series of years. 

Being a bad conductor of heat, as rocks in general arc, lava, 
when subjected to the comparatively low temperature, to which it 
is exposed after ejection, soon covers itself with a coating of 
solidllied matter. This is necessarily broken as the How of the 
viscous mass continues beneath it, and it will be more or less 
scoriaceous, according, us in cooling, it retains any cellular texture 
from the passage or dissemination of vapours and gases througli 
it. Hence the surface ol‘ lava currents is ollen broken and rutrjrecL 
as is represented in the accompanying view ol‘ one at Vesuvius 
(fig. I17).t Under the conditions usually obtaining during the 

Fi- ii: 



flow ol' lava, the viscous current, at a rncjderate distance from the 
place of* its actual discharge, may be considered as moving in a 
kind of pipe, tliis breaking from time to time, as the molten rock 
in the interior tends to drag the parts becoming solid with it. 
In this manner the pipe will even convey the lava current up 
rising ground, should the resistance of its sides be equal to the 

* In our experiments, ordinary greenstone, when jHmndttd fine, and placed in a 
crucible, usually melted at about the heat required for melting copper : exi)crimcuts, 
however, on so small a scale may be very deceptive. 

t Taken from Abich*s Views of Vesuvius and Etna. 
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pressure exerted upon them. As a high angle of descent would 
be unfavourable to the proper slow cooling and quiet adjustment 
of particles needed for crystallization, MM. Dufrenoy and Elie do 
Beaumont consider that beyond a moderate angle lava does not 
take a crystalline texture. That the external character of a lava 
current should conlbrm to the velocity of its flow, this depending, 
other conditions being equal, upon the amount of slope, would be 
anticipated. The observer should, however, be aware that when 
crystalline minerals may be found in lava, it does not always 
Ibllow that their particles have separated out from the other 
component parts of the mass, after the whole has been in a 
molten state. They seem to have been sometimes formed prior 
to the outflow of the lava. Of this a good example is stated 
to have occurred at Vesuvius in April, 1822, when fine crystals 
of Icucite were included in a lava stream which issued from the 
base of a small cone occupying the crater, the comparative infu- 
sibility of the Icucite crystals preserving them entire amid the 
melted rock.* In like manner should the lava be in part com- 
posed of a remclted rock containing disseminated minemls, which 
resisted the heat to which the whole was exposed, such minerals 
might upon an outflow accompany the lava stream, and be again 
dispersed amid the new mass, otherwise, perhaps, not crystallinc.t 
It would scarcely be expected that a molten mass, known to be 
driven about in a crater by vapours and gases, could either overflow 
the lip of that crater, or burst out from the sides of a volcano with- 
out having some portions of these vapours and gases intermingled 
with it, r«ady to escape into the air. This it would accomplish the 
easier as the lava was the more fluid, and its temperature high, 
tlic vapoius and gases then striving most to increase their volume. 
In proportion as the molten rock cooled, and the expansive power 
of the vapours and gases decreased, cavities would remain, cor- 
responding in size to the equalization of the resistance of the cool- 
ing rock on the one hand, and the expansive power of the vapours 
and giises on the other. As these conditions varied so would the 
results ; and thus according to circumstances the hollows formed 


* Daubeny, quoting Professor Scacchi, of Naples, “Volcanos,” 2nd edit., p. 230. 
f In regions where volcanos traverse igneous rocks of an older date, remclting 
portions of them, it is easy to conceive occurrences of this kind. Should a fclspathic 
porphyry, containing crystals of quartz, or mica, be thus remelted, and the heat be 
only capable of fusing the fclspathic matter, these minerals may be left untouched. 
Tn experiments made for this purpose, we have often found this view borne out, and 
the quartz disseminated through many slogs, os, for example, in many of the first 
copper slags in tlio furnaces at Swansea, afibrds another example of the like kind. 
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would differ from good-sized caves, lined with picturesque stalac- 
tites of lava, to small vesicles. Vapours and gases sometimes con- 
tinue to escape for a long time through the chinks and cracks of 
cooling lava. 

The cavities thus produced in lavas will necessarily take dif- 
ferent shapes, according to varying conditions. Lava poured out 
so as to fonn a broad and comparatively deep mass, with little 
movement of importance after its outflow from a volcano, the fluid 
state long preserved, would have its cavities, large and small, 
placed under different circmnstances, from a stream cooling more 
rapidly, yet still, from moving on greater slopes, continuing 
steadily to advance for a long distance. In the latter case the 
hollows and vesicles would be elongated in the direction of the 
flow, spherical cavities pulled out into almond-shaped forms, and 
irregular hollows still exhibiting a stretching in the line of move- 
ment. This elongation of vesicles may be so continued that, as in 
the subjoined section (fig. 118), tliey may become completely 


Fig. 118. 



flattened, the tenacity of the lava being of a proper kind. If a d 
be a surface on which a lava stream moves, and ef a, portion where 
its viscosity is such that by moving in the direction, e f, spherical 
hollows take almond-shaped forms, the lava becoming morcwtenacious 
towards the surface, c d, these almond-shaped vesicles would become 
flatter at a 5, so as finally to present, in section, mere streaks or 
lines, giving a laminated appearance to that portion of a lava cur- 
rent when cooled. Upon the solidification of the portion a 5, the 
movement continuing, and the upper part gradually taking the 
tenacity previously possessed by a b, the like appearance of lamina- 
tion might happen there. Thus, as the upper part of a sheet of* 
lava may, as regards loss of fluidity, and the friction of the viscous 
upon the solid outside portion, be also placed in a somewhat similar 
condition as the- lower part, a laminated character may more or 
less be given to a considerable pu’tion of a stream of* lava. The 
conditions needed, no doubt, require nice adjustment, but they are 
such as would appear occasionally to prevail. 

Mr. Darwin, describing the laminated obsidian beds of the Island 
of Ascension, and comparing tlicin with the zoned and laminated 
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character of obsidians and different volcanic rocks of other localities, 
mentions, with another cause of lamination, the stretching and 
flattening of vesicles by the flow of those rocks in a pasty state.* 
It has also been noticed by Humboldt, and other geologists, and is 
often to be seen in cabinet specimens. 

Sometimes vapours and gases escape through molten lava, either 
lor tlic time occupying portions of craters, or flowing as streams, 
producing the most fantastic forms. The annexed sketch (fig. 

Fig. 119. 119) represents a somewhat regular ac- 

cumulation of lava from tliis cause. It 
was seen by Mr. Dana, in the crater of 
Kilauca, in Hawaii, and rose as a whole, 
to the height of about 40 feet. “ It had 
been formed over a small vent, through 
which the liquid rock was tossed out in 
dribblets and small jets. The ejected 
lava falling around, gradually raised the 
base ; the column above was then built 
up from successive drops, which were 
tossed out, and fell back on one another; being still soft, they 
adhered to each other, lengthening a little at the same time while 
cooling, f 

The following is also (fig. 120) an example of the like kind 
observed by Dr, Abich,{ at Vesuvius, in 1834, scoriaccous lava 
being gradually built up into a hollow column by the additions of 
portions of pasty matter adhering to each other when thrust out of 
the genejal molten mass by a current of vapour or gas. In a 
similar manner, great blisters are sometimes raised, which bursting 
on one side, parts, sufficiently hard, remain, and any molten lava 
inside flowing out, singular cavities are left. Indeed, the varieties 
of hollows left by the consolidation of lava, and arising either from 
the intermixture of vapours and gases, or from the flow of the fluid 
rock, partially or wholly, out of inequalities in lava streams, or 
their tubular cases, would appear to be endless. 

Much instruction may be derived from studying the eruptions 
from small vents, cither in the craters of volcanos, when such can 



♦ “ Geological Observatlona on the Volcanic Islands visited during the Voyage of 
U.M.S, Beagle,*’ p. G2, &c. 

t “ Geology of the United States* Exploring Expedition,** 1828—42, p. 177. 
Mr. Dana mentions otlicr similar examples, some on a miniature scale, about Mauna 
Loa. The Aguro of a man has been added to the original sketch by Mr. Dana, in 
order to give a general idea of the height of the volcanic projection. 

t Geologischcr Erschciiiungcn beobachtet am Vesuv uud Aetna,** Berlin, 1837. 
'fhe height of the excrcsccuco represented is only eight feet. 



330 


ERUPTIONS FROM SMALL VENTS. 


[Ch. XVII. 


Ix) approached, or on their sides, where they are also sometimes 
found, not only as respects vapours and gases, but also the discharges 
and mode of accumulation ol‘ fluid and viscous lava, cinders, and 

Fig. 120. 



ashes. In some vents the molten rock is not much intermingled 
with the vapours and gases, at others it becomes frothy by intimate 
admixture with them ; the mineral matter occupying much the 
less portion of the compound. Occasionally the uplifting of the 
mass merely raises the lava, so that it falls over the accumulations 
around the vent, not uncommonly more or less conical ; at other 
times portions of the molten mass arc suddenly caught and wliirled 
high up into the air, acquiring a spheroidal form by their motion. ♦ 

♦ Respecting these volcanic bombs, as they have been termed, Mr. Darwin, remark- 
ing on those found in the Island of Ascension (Volcanic Islands, p. 36), which exhibit 
a cellular interior, inside a shell of compact lava, observes, that ** if we suppose a 
mass of viscid, scoriaceous matter, to be projected with a rapid, rotatory motion 
through the air, whilst the external crust, from cooling, became solidified, the centri- 
fugal force, by relieving the pressure in the interior ports of the bomb, would allow 
the heated vessels to cxiiand their cells ; but these being driven by the some force 
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When only ejected short distances, they fall around, squashing into 
irregular and rough discs, and by their multiplication forming a 
coating, which may, or may not, be intermingled with scoriaccous 
cinders, now and then discharged in sliowers. Small lava streams 
sometimes burst Irom these conical accumulations, and the ic- 
sistanccs ol’ the sides being overcome, and cracks being fonned, the 
molten matter may l)c seen to rise in them. Many of the effects 
of volcanic action on the large scale may thus, in miniature, be 
conveniently observed. 

Although conical accumulations round an aperture mark the 
cficcts of volcanic action from it, driving out ashes and cinders, 
large and small, with patches of frothy molten rock, and streams of* 
fluid and viscous lava, more or less radiating from a vent, the ’whole 
braced together by more or less vertical bands of lava, which have 
entered crocks, effected from time to time in the general mass; 
tills Is not necessarily the case with all, nor with all parts of a 
mountain of which one or more of these conical accumulations 
may form a part. As respects cones, the accompanying* view of 


Fig. 121. 



tigaiust tlio ttlreiuly-l»urilv;iu’<.l crust, \%ould bocomo, the nearer they wore to this part, 
smaller and smaller, and less exi)anded, until Uiey became packed into a solid, con- 
centric shell/' 

* Taken from the Voyage de Humboldt et Bonpland, Atlas Pittores<lue, PI. X , 
Paris, 1810. Explosions from Cotopaxi are heani at great distance. In 1744, the 
bellowings from the mountain were heard at Honda, 200 common leagues distant. 
Humboldt and Bonpland heard them day and night at Guayaquil, 52 leagues distant 
in a straight lino. They were like repeated discharges of a battery. Daring the 
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Fig. 122 . Cotopaxi will illustrate the production of one of great 



size, its beautifully regular shape* showing how well 
adjusted the volcanic forces, and the substances acted on, 
must have been for its formation. As to its volume, that 
of course affords no measure of the time which the 
cone may have taken for its production, but it shows 
the great mass of volcanic matter which seems thus 
heaped by successive coatings into this shape.f The 
manner in which such a mountain may be braced together 
by lava currents and dykes we know not. Certainly the 
general form would lead us to infer a great amount of 
ashes and cinders, including among the latter large ejected 
masses of viscous, scoriaccous, and frothy (pumicy) lava, 
forced through a vent keeping in one place during ti e 
accumulations. 

Mauna Loa, and Mauna Kea, in Hawaii, also lofty vol- 
canic mountains, the former considered to be 13,700 feet, 
and the latter 13,950 feet above the sea,t appear to aff()rd 
much modification in structure from that l()und at Coto- 
paxi, one also marked by their outlines, as sliown by the 
accompanying sketch of Hawaii (fig. 122), taken from the 
eastward,§ Maps and descriptions show tluit Hawaii 
(which, as Mr. Dana remarks, is one of a group about 400 
miles in length, ranging from N.W. to S.E., the islands 
composing it being merely the higher points of mountains 
rising above the sea) is a mass of volcanic matter, witli 
three principal elevations, Loa, Kea, and Ilualalai.H The 

eruption of April, 1768, the quantity of cinders vomited from the crater 
was so great, that in the towns of Hambato and Tacunda night was pro- 
longed to three o'clock on the 5th, and the inhabitants were obliged to go 
about with lanthoms. The eruption of 1803 was preceded by the sudden 
melting of the snow on the volcano. For 20 years previously neither 
vapour nor smoke had issued from it. In a single night, the cone became 
so much heated, that, the snow being molted, it appeared black from the 
scoriae alone. 

* Humboldt (Kosmos) points to the form of Cotopaxi as at once the 
most regular and most picturesque of any volcanic cone which he had ever 
seen. 

t According to Humboldt (Kosmos), Cotopaxi rises to the height of 
19,070 (EngUsh) feet above the sea. 

X According to Dana, ** Geology of the United States' Exploring Expe- 
dition,” 1838—42. 

§ Ibid., p. 1.59. 


11 Mr. Dana remarks (“ Geology U.S Exploring Expedition,” p. 158), “ Besides the 


three lofty summits there are great numbers of craters in all conditions scattered over 


the slopes, some overgrown with forests, while about others streams of lava, now hard 


and black, may be traced along their route for miles. Areas, hundreds of s(iuaro 
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remarkable crater in activity is that of Kilauea, on the flank of 
Loa, and distant about 20 miles * from its summit. 

Ellist described the crater as situated on a lofty elevated plain 
bounded by precipices, apparently sunk from 200 to 400 feet 
below its original level. The surface of this plain was uneven, 
and strewed over with loose stones and volcanic rock, and, in the 
centre was the great crater.” * * * “Immediately before us 
yawned an immense gulf*, in the form of a crescent, about two 
miles in length, from N.E. to S.W., nearly a mile in width and 
apparently 800 feet deep. The bottom was covered with lava, 
and tlie S.W. and northern parts of it were one vast flood 
of burning matter in a state of terrific ebullition, rolling to 
and fro its ‘ fiery surge’ and flaming billows. Fifty-one conieal 
islimds, of varied form and size, containing so many craters, rose 
cither round the edge, or from the surface of the burning lake ; 22 
constantly emitted c(jlumns of grey smoke, or pyramids of brilliant 
flame ; and several of these at the same time vomited from their 
ignited mouths streams of lava, which rolled in blazing torrents 
down their black indented sides into the boiling mass below.” * ** 
“The sides of the gulf before us, though composed of different 
strata of ancient lava, were perpendicular for about 400 feet, and 
rose from a wide horizontal ledge of solid black lava of irregular 
breadth ; but extending completely round, beneath this ledge, the 
sides sloped gradually towards the burning lake, which was, as 
nearly as we could judge, 300 or 400 feet lower. It was evident 
tliat the large crater had been recently filled with liquid lava up 
to this black ledge.” 

The descriptions of this crater given by other observers, J corre- 
sponds generally with that of Mr. Ellis, due allowance being made 
t*or modifications, such as might be expected in a volcanic vent of 
any kind. The following is an eye-sketch plan (fig. 123) of 
Kilauea, made during the visit of the United States' Exploring 

miles in extent, are covered with the refrigerated lava flood, over which the twistings 
and contortions of the sluggish stream as it flowed onward are everywhere apparent ; 
other parts arc desolate areas of ragged scoria?. But a few months before our visit 
(IS 40) a surface of 15 square miles hod been deluged with lava, which came by an 
underground route from Lua Pelc (Kilauea).” 

* Mr. Dana gives the distance as 19 • 8 miles, and the height of Kilauea as 3,970 
feet above the sea, quoting Mr. Douglas (“Journal of the Geographical Society,” 
vol. iv.), 08 estimating it from barometrical measurements at 3,845*9 — 3,873 * 7 feet, 
and Strzelecki at 4,101 feet. 

t “ Tour in Hawaii.** London, 1826, 

X Mr. Douglas, “ Journal of the Geographical Society,’* vol. iv. ; Captain Kelly, 
“ American Journal of Science ” vol. xl. ; Count Strzelecki, New* South Wales and 
Van Diemen’s Land,” and others. 
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Expedition, under Captain Wilkes, to Hawaii. It well exhibits the 
cliffs surrounding the cavity, seven miles and a half in circuit, as 
also the great ledge above mentioned. Combined with the follow- 
ing section given by Mr. Dana,^ it strongly suggests the idea ol‘ 

Fig. 123. 



an extensive area of molten rock, rising and falling according to 
the uplifting force of the time, this somewhat suddenly changing, 
as is not unfrequent in volcanic action, so that, in some states, 
vertical walls would be formed from the lowering of the fused 
mass, while at others this might again (ill the cavity, and even 
overflow. In the following section (fig. 124), which is taken across 


Fig. 124. 



the shortest diameter (scale equal for height and distance), m m' is 
the whole breadth of the crater in that line, o n, o' n' the black 
ledge, p p' the bottom of the lower pit, n p, n' p* the walls of the 
lower pit, 342 feet in height, and m o, m' o' the walls above the 
black ledge, 650 feet in height. Mr. Dana describes the beds exposed 
by the cliffs, as nearly horizontal, and the crater as being, at the 
time of his visit (November, 1840), somewhat in a tranquil state ;t 

♦ “ Geology of the United States ’ Exploring Expedition,” p. 174. 

t The descriptions given of the arrangement of the beds, and of other facts con- 
nected with this crater, have an important theoretical bearing. “ These bluff sides of 
the pit,” he observes, “ consist of naked rock in successive layers ; and in the distance 
they look like cliffs of stratified limestone. The layers vary from a few inches to 
30 feet in thickness, and arc very nearly horizontal. They are much fissured and 
broken, and some have a decidedly columnar structure. Open spaces or caverns and 
rugged cavities often separate the adjacent layers, adding thus to the broken cha- 
racter of the surface, and at the same time giving greater distinctness to the strati- 
fication. The black ledge varies in width from 1,000 to 3,t)00 feet. With such 
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one, however, still variable. During subseqent examinations by 
the United States’ Exploring Expedition, in December, 1840, and 
January, 1841, the lava was observed both to rise and fall in a 
marked manner, independently of minor oscillations. On one 
occasion. Dr. Judd had but just time to escape from a sudden 
uprise and overflow of one of the molten pools, which discharged a 
mass of liquid lava, not only over the spot where he was standing 
immediately prior to this upburst, but also over a mile in width 
and a mile and a half in length. The volume of lava then ejected 
was afterwards estimated by Captain Wilkes at 200,000,000 cubic 
feet. The next morning (January 17, 1841) the molten lava of 
the chief lake was ascertained to have subsided about 100 feet. 

Proceeding from Kilauca to Mokua-weo-weo, the crater on the 
summit of Loa, over a slope described as one, on the average, of 
only 6*^, a volcanic vent is found of much the same general character 
as that of the former. The annexed sketch (fig. 125) is a reduction 
of that given by Captain Wilkes.* The deepest part of the crater 
is nearly circular, and about 8,000 feet in diameter. The walls are 
described as nearly vertical, stratified like those of Kilauea, 784 
feet high on the west side, 470 on the east.f An eruption of this 
crater occurred in 1843, so that Mauna Loa may be considered as 
still active. It has been remarked by Mr. Dana, as an interesting 


dimensions, it is no unimportant feature in the crater. The lower pit is surrounded 
by vertical walls, which have the same distinctly-stratified character as those above, 
and arc similar in other features. More numerous fissures intersect them, indicative 
of the unstable basis on which they rest.” * * * The south-west extremity formed a 
partly-isolated basin, of an oval form, and contained a large boiling lake. “ The 
rest of the bdltom of the pit, at the time visited by the author, was a field of hardened 
lava, excepting tw'O small boiling pools, one on the w’estern side, the other near the 
eastern,” p. 174. 

Describing the day scene, Mr. Dana states, that the ‘incessant motion in the blood- 
red pools w^as like that of a cauldron in constant ebullition. The lava in each boiled 
with such activity, as to cause a rapid play of jets over its surface. One pool, the 
largest of the three then in action, was afterwards ascertained by survey to measure 
1,,500 feet in one diameter, and 1,000 in the other, and tliis whole area was boiling, as 
seemed from above, with nearly the mobility of water.” ♦ * ♦ On descending 
afterwards to the black ledge, at the verge of the lower pit, a half-smothered gurgling 
sound was all that could be heard from the pools of lava. Occasionally there was a 
report like that of musketry, which died away, and left the same murmuring sound, 
the stifled muttcrings of a boiling fluid,” p. 171. 

“ The dense white vapours rose gracefully from many parts of the black lava plain, 
and the pools boiled and boiled on without any unnecessary agitation. The jets 
playing over the boiling surface darted to a height of 10 or 12 yards, and fell again 
into the pools, or upon its sides. At times, the ebullition was more active, the 
cauldrons boiled over, and glowring streams flowed awray to distant parts of the crater : 
and then they settled down again, and boileil as before, with the usual grum murmur. 
Thus simple and quiet was the action of Loa Pele,” p. 176. 

* « Narrative of the United States ’ Exploring Expedition,” vol, vi. 

f Dana, “ Geology of Exploring Expedition,” p. 20(i, 
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fact, that this outbreak did not affect Kilauea, though a great 
lateral crater on the same volcanic dome, 10,000 feet lower down 
its side. The mass of lava seems to have burst out of cracks 
around the summit of the mountain, and in one instance a subter- 
ranean channel for a portion of the molten rock was observed.* 



* Mr. Dana quotes from the “Missionary Herald,*’ vol. xxxix , p. 381, and vol xl., 
p. 44, an account of this eruption, in order to render it more pulilicly known to 
scicnti6c persons. For the like reason we insert a portion of it here, not only as it is 
in itself geologically important, but also as it is stated that only a somewhat limited 
number of ]Mr. Dana’s valuable work has been printed. The Kcv. T. Coan states 
that, “On the morning of January lo, 1843, before day, we discovered a small 
beacon-fire near the summit of Mauna Loa. This w as soon found to be a new erup- 
tion on the north-eastern slope of the mountain, at an elevation of near 13,000 feet. 
Subsequently, the lava appeared to burst out at different points lower dow n the moun- 
tain, from whence it flow'cd off in the direction of Mauna Kca, filling the valley 
between the mountains with a sea of fire. Here the stream divided, one part flowing 
towards Waimea, northward, and the other eastward tow^ards llilo. Still another 
great stream flowed along the base of Mauna Loa to Hualalai in Kona. For about 
four weeks this scene continued without much abatement. At the present time, 
after six weeks, the action is much diminished, though it is still somewhat vehement 
at one or two points along the line of eruption.” Mr. Coan ascended the mountain, 
passing fields of scoria ccous and smoother lavas, and regions at times still steaming 
and hot. “ Soon,” he continues, “ we came to an opening in the superincumbent 
stratum, of 20 yards long and 10 wide, through which we looked, and at the depth of 
50 feet we saw a vast* tunnel, or subterranean canal, lined with smooth vitrified 
matter, and forming the channel of a river of fire, which swept down the steep side 
of the mountain with amazing velocity. As we passed up the mountain we found 
several similar openings into this canal, through which we cast stones; these, 
instead of sinking into the viscid mass, were borne along instantly out of our sight. 
Mounds, ridges, and cones were also thrown up along the line of the lava stream, 
from the latter of which, steam, gases, and hot stones were ejected. At three o’clock 
we reached the verge of the great crater, where the eruption first took place, near the 
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From all accounts respecting the mineral volcanic products in 
Hawaii, the ejection of cinders and ashes would appear to be com- 
paratively rare, Ihey are, however, occasionally thrown out, 
though in quantities relatively too small to produce much influence 
in the arrangements of the other and common volcanic products 
which have accumulated in a molten state. It is stated that, 
during an eruption of Kilauea in 1789, ashes and cinders were 
abundantly ejected, darkening the air, and destroying some men 
forming part of an army then on its march ; and Mr. Dana 
mentions tliat near Kilauea, “ a lew miles south and south-east, 
great quantities of a pumicc-Hke scoria, with stones and sand, are 
believed to Iiave been thrown out at this time."'* 

An uplifting of liquid lava in the craters, and a rending of the 
solid rocks around them, or further down on the flanks of the great 
volcanic mounds, through which the molten rock is discharged, 
would appear the characteristic action of the Hawaian volcanos. 
Mr. Dana has well stated this mode of eruption, which he terms 
the quiet mode. Alluding to Kilauea, he remarks, “ The boiling 
pools of the lower pit liave gradually filled this (the lower) part of 
the crater with their overflowings, each stream cooling, and then, 
in a few hours or days, followed by another and another overflow 
in different parts of the vast area, till the rising bottom became as 

highest point of the mountain. Here we found two immense craters close to each 
other, of vast depth, and in terrific action.” 

To queries transmitted by Mr. Dana, Mr. Coan replied as follows: — “ The angle 
of descent down which the lava flowed from the summit to the northern base of 
Manna Loa is 6°; but there are many places on the side of the mountain where the 
inclination is 10*^, 13^, or 25°, and even down these local declivities of half a mile to 
two miles in e.\tent, the lava flowed in a continuous stream. This was the fact, not 
only during the flow of several weeks on the surface, but also in that wonderful flow 
in the subterranean duct, described in the “Missionary Herald.” There was no 
insurmountable barrier in the way of the flow from the summit of Mauna Loa to the 
base of Mauna Kea, a distance of 25 or 30 miles. The stream sometimes struck 
mounds or hillocks, which changed its course for a little space, or around which it 
flowed in two channels, reuniting on the lower side of the obstacle, and thus sur- 
rounding and leaving it an island in the fiery stream. Ravines, caves, valleys, and 
depressions were filled up by the lava as it passed down the slope of the mountain, 
and between the two mountains. In conclusion, I may remark that the stream was 
continuous for more than 25 miles, with an average breadth of I J mile, and flowed 
down a declivity, varying from 1° to 25°.”— Dana, “ Geology of the United States’ 
Exploring Expedition,” p. 210. 

* Mr. Dana (“ Geology of the United States* Exploring Expedition,” p. ISl) 
quotes from a “ History of the Sandwich Islands,” published by the Rev. J. Dibble, 
at Lahainaluna (Island of Maui), in 1843, an account from the lips of those who w’ere 
in the body of men thus partly destroyed by tlie eruption. A large volume of cinders 
and sand is noticed as thrown to a great height, and as falling in a destructive 
shower for many miles around. Some of the men appeared to have been killed by 
this shower of cinders and ashes, and others to have perished from an emanation of 
heated vapour or gas. 
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ESCAPE OF LAVA THROUGH FISSURES AT KILAUEA. [( ii. XVII. 

high as the black ledge.*' ♦ ♦ ♦ « The black ledge is finally flooded, 
and the accumulation reaches the maximum which the sides of the 
mountain can bear/* The pressure increases, and passages are 
broken out for the molten rock. In some cases, on the side of 
the island where the escape takes place, the first indication of* the 
eruption is the approach of the flowing lava. We should not imply 
that the land Is proof against earthquakes, for slight shocks not im- 
frequently happen, and they have Ixjen of considerable force during 
an eruption. But earthquakes arc nt> necessary attendants on an 
outbreak at Kilauea. It is a simple bursting or rupture of the 
mountain from pressure, and the disruptive force of ‘vapours, in 
consequence of which the mountain, thus tapped, discharg(\s 
itself/' * 

The mode of iissuring seems to liave been well observed in tlu 
eruption from Kilauea in June, 1840. The fissures are noticed as 
at first small. Those through which the nn)l ten lava }x>ured 
formed series at intervals. Through the lixst twelve miles there 
w’erc several rents, two or three in some places running nearly 
parallel. The mass of lava derived from these several fissures 
reached the sea, on coining into contact with which it became 
shivered like melted glass cast into water. Into the sea it continued 
to flow for three weeks, and the waters were so much heated that 
the shores were strewed with dead fish for the distance ol‘ twcuity 
miles. iThc depth of the lava is con'^idcred to have averaged 10 or 
12 feet, though in some places only 0 feet thick. Tlic area covered 
by it was estimated at about fifteen square miles. The lowx'r pit 
of Kilauea, calculated to have held 15,400,000,000 cubic feet of 
molten matter, was emptied by the outflow of the lava through the 
lissurcs.t The settling dowm of the lava in Kilauea would appear 
always to accompany these eruptions.;!; 

The lavas of Hawaii seem to have been usually very fluid, judging 
from the mode in which they occur. That they are so now in 
Kilauea seems generally admitted. The production of* the capillary 
volcanic glass, known at Hawaii as Pele^s Ilair,^ is an interesting 
example of this fluidity. Mr. Dana, who witnessed its formation 

* ‘‘ Geology of the United States’ Exploring Expedition,” p. 195. 

t Mr. Dana estimates that this gives the best measure of the amount of lava poured 
out during this eruption. As measured by the amount of matter observed on tlio 
surface, a much less quantity was erupted, estimated in this way at 5, 000,000, 0(M) 
cubic feet. 

X A very considerable eruption from the mountain, of which Kilauea forms a part, 
is recorded to have recently taken place, during which a large volume of lava was 
ejected. 

§ Pele is the reputed principal goildcss of the volcano. 
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at one of the pools of melted lava, states that ** it covered thickly, 
the surface to leeward, and lay like mown grass, its threads being 
parallel, and pointing away from the pool. On watching the 
operation a moment it was apparent that it proceeded from the jets 
of liquid lava thrown up by the process of boiling. The currents of 
air, blowing across these jets, bore off small points, and drew out a 
glassy fibre, such as is produced in the common mode of working 
glass. The delicate fibre floated on till the heavier end brought it 
down, and then the wind curried over the lighter capillary ex- 
tremity. Each fibre was usually ballasted with the small knob 
wliich was borne off from the lava-jet l)y the winds.”* 

In the flow of the lava outburst from Kilauea in June, 1840, 
tlic molten rock, as it passed amid forests, not only enclosed the 
stems of individual trees, leaving cylindrical holes from the total or 
partial destruction of the wo<jd, but sometimes also a<lhered to tlie 
branches, descending from them in the form of stalactites. In 
these latter cases the heat is described as having been barely suf- 
ficient to scorch the bark, though the branches were clasped by tlie 
molten nx'k. Should the branch have contained much fluid 
matter, we can suppose that, the heat and fluidity of the lava being 
great, aqueous vapour from the bark may have prevented actual 
contact with it for a time sufficient for the passage of the lava 
stream at a height at which the branches could be entangled in it.-f 
The lava descending suddenly from this height, by the lowering ot* 
the general level of the fluid stream as it passed onwards, the 
sudden exposure to the atmosphere would preserve, by quickly 


* ** Geology of the United States^ Exploring Expedition,” p. 179. 
t The summary given by Mr. Pana of the effects of this flow of lava amid the 
forest ground, is highly interesting in many respects. “ Tlie islets of forest trees," 
he states, “ in the midst of the stream were from one to fifty acres in extent, and the 
trees still stood, and were sometimes living. Captain Wilkes describes a copse of 
bamboo which the lava had divided and surrounded ; yet many of the stems were 
alive, and a part of the foliage remained uninjured. Narrative of Exploring 
Expedition,” vol. iv., p. 184). Near the lower part of the flood the forests were 
destroyed for. a breadth of half a mile on either side, and were loaded witli the 
volcanic sand ; but in the upper parts Dr. Pickering found the line of the dead trees 
only 20 feet wide. The lava sometimes flowed around the stumps of trees, and as the 
tree was gradually consumed, it left a deep cylindrical hole, sometimes 2 feet in 
diameter, either empty or filled with charcoal. (Mr. Dana refers here to similar facts 
observed by M. Bory do St. Vincent at the Isle Bourbon, “ Voj'age aiix Isles 
d'Afrique,” 1804). Towards the margin of the stream these stump holes were innu- 
merable, and in many instances the fallen top lay near by, dead, but not burnt. 
Dr. Pickering also states that some epiphytic plants upon those fallen trees had begun 
again to sprout.” The fact is then mentioned of the lava depending in stalactitic 
forms from the branches of the trees, “ and although so fluid when thrown off from 
the stream as to clasp the branch, the heat had barely scorched the bark.” — “ Geology 
of the United States* Exploring Expedition,” p. 101. 

z 2 
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cooling, the adhering and depending portions, so that little heat 
acted on the branches.* The case would be different where tlic 
heated lava continued to surround the lower parts of the trees. 
Whatever may have been the moisture preventing immediate 
contact, as the cooling proceeded, a time would come for thcscorcJi- 
ing, if not actual burning of the included stems. 


* The results attendant on plunging a highly-heated body into a liquid have been 
long known at the manuiactories of crown-glass. These have of late attracted much 
attention, especially from the experiments and reasoning of M. Boutigny, the vapour 
or steam preventing actual contact in the first instance, so that the plunged body does 
not acquire the temperature that might at first be expected. In crown-glass works it 
has been, from time immemorial, the practice to plunge the melted and very highly- 
heated glass in some of the first processes, after removal from the melting-pot, into 
cold water, to retluce the temperature. This does not fracture the gloss, the steam 
produced preventing contact between the highly-heated glass and the water. In after 
processes with the same piece of glass, a mere drop of water is employed to sever a 
large attach^ glass stem, the heat being now so reduced that contact, with its conse- 
quences, is immediate. It is not a little interesting, at great crown-glass works, to 
see both effects, frequently produced at tlie same time, and within the distance of a 
few feet. 
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VOLCANOS AND THKIR PRODUCrS CONTINUED. — V1.SU VIUS. — ETNA. — VOIi- 
CANOS OF ICELAND. — STROMBOLl IN CONSTANT ACITVITY. — INTERVALS 
OF LONG REPOSE. — SUDDEN FORMATION OF JOUULLO— OF MONTE NUOVO. 
— FALLING IN OF PAPANDAYANG, JAVA.— SUB PERRANEAN LAKES WITH 
FISH. — DISCHARGE OF ACID WATERS. — INUNDATIONS FROM VOLCANOS. — 
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CANIC ROCKS. — FUSIBILITY OF MINERALS IN VOLCANIC ROCKS. — SINKING 
OF MINERALS IN FUSED LAVA.— FUSION OF ROCKS BROKEN OFF IN VOL- 
CANIC VENTS. 

Cotopaxi and the volcanos of Hawaii, though useful in showing 
how modified the results of volcanic action may be, and pointing to 
differences in that action of no slight importance to the observer, 
seeking for facts to guide him to the knowledge of its probable 
cause, have yet been so recently known to us, that, when stud 3 dng 
the changes which may have taken place in volcanic vents, he 
must look to volcanic lands of which there may be records extending 
back a few centuries, at least, for the requisite data. Fortunately 
for this inquiry the volcanos of Italy have engaged attention for 
many centuries. Vesuvius offers an excellent instance of a volcanic 
vent which, after remaining long dormant, somewhat suddenly be- 
came active, nearly 1800 years ago, and has more or less continued, 
with intervals of various length, in that state ever since. After a 
repose, not known to have been interrupted during a long period,* 
suddenly, on the 24th August, 79, after earthquakes of several 
days’ duration, cinders and ashes were furiously driven out, partly, 
no doubt, a portion of the old volcanic accumulations. Their 

* A very excellent condensation of our information respecting tlie ancient, inter- 
mediate, and modern states of Vesuvius, will be found in Daubeny's Description of 
Active and Extinct Volcanos/* 2nd edition, 1848. 
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abundance was so great that tln-ee cities, Stabite, Pompeii, and 
Herculaneum, were overwhelmed by them (p. 124). Wo may 
assume that lava currents were also vomited forth out of the 
volcano at, this eruption, one, apparently, of the greatest of Vesu- 
vius on record. There then seems to have been a state of re])Ose, 
or at least of only minor movements iiisullicient to create attention, 
for 134 years, when another eruption occurred, succeeded by a 
similar interval of quiet ii^r years, wlien tberc was an outburst 
80 consideral)lc as to cover a portion of Euroj^e with ashes.* * * § There 
were then intervals between the eruptions, the accounts of which 
have reached us, of 40, 173, 308, 43, f 13, 80, 1, 107, 104, 131, 
29, 22, 12, 3, and 1 years, bringing them down to 1608. “ From 

that time to the present,^’ observes ])i\ Danbeny, respecting Vesu- 
vius, “ its intervals of repose have been less lasting, though its 
throes perhaps have diminished in violence ; for the longest pause 
since that time was from 17i)7 to 1751, and no less than eighteen 
distinct eruptions are noticed in the course of little more than a 
century, several of which continued with intermission l‘or the space 
of four or five years.’' Ij, 

Even supposing the earlier recorded eruptions of Vesuvius to be 
only approximations to the real number, some being omitted whic*Ii 
would now not fail to be noticed, the irregularity of the intervals 
of considerable activity would still be so far marked as to point to 
inconstancy in the final conditions upon which a marked eruption 
depends. At the same time, also, the different intensity of the 
eruptions themselves leads to the same inference. Not only Avas 
the ciater of Vesuvius so tranquil, prior to the great ovtburst ol‘ 
79, as to be clothed with vegetation, that crater occupying the de- 
pression noAV known as the Atrlo del Cavallo, (the present Monte 
Somma forming a portion of its ancient walls,) but also between 
the eruptions of 1500 and 1631, the crater of the period was 
covered with herbage, § as those of earlier times may have been 

* When reference is made to the depth of cinders and ashes now found covering 
Stabiae, Pompeii, and Herculaneum, it is needful to recollect that a portion of them 
may have been accumulated during eruptions such as this, and at other subsequent 
times. 

t A great eruption, in 1036, during which much lava was poured out, as is stated, 
from the crater as well as from the sides. 

X Description of Volcanos,’* p. 226. 

§ “ In the interval between the eruption of ir)CX)and 1631, the mountain put on the 
appearance of an extinct volcano, the interior of the crater, according to Braccini, 
being, in 1611, covered with shrubs and rich herbage, the plain called the Atrio del 
Cavallo overgrown with timber and sheltering wild animals, whilst in another part 
there were three pools, two of hot and one of cold water, and two of these impregnated 
with bitter salts.”— Daubeny, “ Description of Volcanos,” p. 235. 
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between other long intervals of repose following the great eruption 
of 79. 

Etna also becomes valuable Ibr the length of time during which 
its outbursts have been noticed. According to researches respect- 
ing the earlier eruptions of' this volcano,* the year 480 B.C., or 
thereabouts, would a])pear that to which any marked outburst can 
be traced during historic times. This would give us about 2,332 
years, for, if' not of all, of at least a considerable number of the 
chief eruptions of this volcano, the geological records of the activity 
of which would aj)pear to extend far beyond this comparatively 
limited time. Taking the early historic notices for the value they 
may possess, including that of 480 B.C., there have been marked 
eruptions recorded lx*twecn that date and the commencement of 
th(i Christian eriu AVith the exception of a lapse ol‘ time between 
B.C., and 140 B.c. (250 years), the outbursts noticed occurred 
at intervals of r)3, 3I,| 5, 10, 3, 00, 12, and 8 years. They thus 
correspond in fre(|ueney witli tlu^se recorded between A.D. 1284 
and the present time.J From A.D. 40, or thereabouts, to 1169, the 
luiiptions from tins volcano did not, apparently, receive much 
attention. If we assume tliat tills lapse of time had not been one 
of* repose more than those wliich preceded and followed it, Etna 
seems to have been a somewhat active volcano for the time above 
mentioned (2,332 years). 

'file volcanos of Iceland have also been known as more or less in 
activity during a long lapse of historic time. Of the known 
marked outbursts of Hecla there have been 23, including that ol‘ 
1845, since 1004 or 1005. These have varied in intensity and in 
the length of the intervals of repose between them. The eruption 
of 1845 appears to have driven out avast abundance of cinders and 
ashes, the latter carried, by tlie movements of the atmosphere to 

* A table of tlie dates of the eruptions of Etna and Vesuvius, taken from Von IIofTs 
“ (lescliichtc der Verandemngen der Erdoberflachc,” with some few additions, is 
given by Dr. Daubeny, in ins “ DescripUon of Volcanos,” 2iid edition, p. 289. 

t Respecting this eruption of 396 b.c., Dr. Daubeny mentions (“ Description of 
Volcanos,” p. 283), that the stream of lava which then stopped the march of the 
I'arthagiuian army against Syracuse, is to be seen on the eastern slope of the moun- 
taip, near Giarre, extending over a breadth of more than two miles, and having a 
length of 24 from the summit of the mountain to its final termination in the sea. The 
spot in question is called the Bosco di Aci ; it contains many large trees, and has a 
partial coating of vegetable mould, and it is seen that this torrent covered lavas of an 
older date which existed on the spot.” 

X From 1284, the intervals of repose have been, in years, 45, 4, 75, 33, 1, 1, and 82, 
Then a continuance of small eruptions for 58 years (1366 to 1624), after which the 
intervals were 9, 11, 9, 15, 13, 6, I, .5, 8, 21, 12, 12, 8, 4, 4, 3, 14, 1, 6, 5, ^ I, I, 2, 7, 2, 
8, 12, I, and 10 years (in December, 1842), calculated from the table in Daubeny^s 
“ Description of Volcanos,” p. 289—291. 
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great distances.* From Kattlaglau-jokull there have been seven 
eruptions since tlie year 900. While thus these volcanos have 
vomited forth molten rcxrk, cinders, and ashes at intervals for 
845 and 950 years, eruptions from other vents c4' the same great 
volcanic mass of Iceland, such as Kmbla, oi* which there wen^ lour 
outbursts during the last 125 years, have also taken place. 
Another great volcano, Skaptar-jokull, previously dormant, lus llir 
as tlic historic records of that land extend, suddenly In'came active 
in 178d. During this eruption, which w:is j>rcccded by earth- 
quakes over the whole of Iceland, and the ejt ction »»!* volcanic 
matter in tlic adjacent sea, considerable masses ot'lava were thrown 
out, according to Sir George Mackcnzie.’f* 1‘rom three dillerent 
points, about eight or nine miles from each other, <.>n the lower 
lianks of the mountain, spreading in s«»me places to the breadth 
of many miles. ()1* the 20 volcanic vents, as Dr. IhiuU'iiy lias 
pointed out, which have ejected lava, cinders, or aslies during the 
950 yejirs since Iceland w;is e(‘lonized, “ elevcui have had hut one 
eruption, and amongst the.H' fair only <K*curre<l within the huit cen- 
tury ; whilst of the remaining nine, Mynlalls-jdkall, Skaptar-jrikull, 
bandlells-jokull, Hkeldarar-jokull, Ileykianes, ll«‘elu, ami Krabla 
alone would ap|»ear to U' active at present ; Tiolhalyngia having 
liad no eruption since 1.510; Drmlli-jokull none since ldf>2; and 
others having bern for a nearly equal time in a state of cpii- 
escencc‘.*’:J 

Idle Vesuvius, Etna, and volcanos In Iceland thus allord In- 
lormation us to aUeruate, but irregular, intervals of rcp>sc and 
— ^ § 

** (hi the 2n'l of S<.ptvma*‘r, the dny of the oniptUui of Hcclo, a Diutiah 
near the Orkney IslamiH, at a «li*»tanrr of 1 Ij I>ai)if.h mih-H (atiout Tmt) Eii^lbh) 
from the volcano, was c/)vort'«l witli ajthcs/’ Oauht'iiy. V’cilcanos,” 2nil 
p. . Acconliri^ 0) Profe<t*K>r I' orchammer ( I’oj;;fpu(iorir» “ Aiirmlcn," vol. Ixvl , 
IS4.)), the cinders and allies, s<i abundantly di«cbnrg»*d, were ojt’oted from three ventu 
on the s<»itth*w'CHt slope of llerta, and the !n>a from a fourth, Nituated a little di* 4 tiince 
beneath them. The eruptions continued in force on the l2tl» of the follow injr mouth 
(October), the lava still flowing. The t^niplion did not finally cease, though there 
were intenals of repose, until the roramenrement of March, iHMi. 

+ ‘’Travels in Iceland,” 2nd edtfiou. Noticing this ert(|»tiort frornNkaptar-jokiill, 
in 1 jH.'j, Sir (;e<»rge Mackenzie statea. that in .latiuar)' of that year, \olraidc eruptions, 
representetl as accompanie^l by flame, nwe through the sea, alM>ut .’JU miles frtim Cape 
Keykinii*‘s, and that several islamls were ohservwl, as if upraises), a reef of rocks naw 
existing where these appenraiires occurred. “The flames lasted several mouths, 
during which vast quantities of |Mimice and light slags were washe<l on shore. In Iho 
beginning of June earthquakes shfH>k the wrhole of Iceland ; the flames in the sea 
disap{>earcsl ; urnl the dreauiful eruption commenced from the Skaptar-Jhkuil, which is 
neju-ly ‘itiO miles distant from the sjmi where the marine eruption took place.*' 

I he eruption of 1 TAl, is statetl to have thrown out such an ahundarice of cinders 
and n.Hhe^ that the whole island was covered l»y them. Tiie islies w ere w iitddKiriie as 
far as Holland. 

4 DaulMtJuy, • l)c»' rtption of .Vciive and Extinct V»deaiios,” 2rid edition, p. 
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luitlvity,* the eruptions themselves, differing in intensity, the two 
former during the lapse of more than 2,000 years, and the latter 
approacliing Upwards a period of l,000,t Stromboli, a volcanic vent 
rising through the sea between Naples and Sicily, has been equally 
marked, for more tluin 2,000 years, as exhibiting the same amount 
of activity. “No cessation,** as Dr. Daiibcny remarks, “has ever 
U'cii noticed in the ojicrations of this volcano, which is descrilx^ 
by writers antecedent to the Christian era in terras which would be 
well adapted to Its present appearance.”^ There seems a constant 
boiling of molten matter in tlic crater, a louder explosion rx^curring 
at regular intervals with an escajxi of .'‘team, and the throwing out 
oi‘ bloc'ks of lava to a coasiderable height. § From thc^ smaller and 
lower of three apertures within the crater, “a small stream of lava, 
like a perennial spring, i.s constantly flowing.”jj 

Not only do ancient and nuxlern records thus aff>rd the needful 
infbrmatiini respcjctlng Ix^th intermittent and contimic^d volcanic 
action f«>r 2,U00 year.'^ and more, but also as regards the cessation of 
the same action for so long a pericxl, that the volcanic vents so cir- 
cumstanced form a kind of transition from active veJeanos to th‘)sc 
commonly termed “ extinct. ' The lost stream of hiva which 
issued from Monte U<»Uiro, in Ischia, is that of 1302, known as 
Arso. The only traces of volcanic action now existing in this 
island are Its hc»t springs. Thus no eruptions of molten i*ock, 

* Selecting Hccla fnim the table given by Dr. Daubeny (“ Volcanos/’ p. 314) and 
taken fif>m (iarlieb (** bland rucksichlich seiner Vulcans/’ &c., Freiberg, 1S12), 
with ttilditions, it wouM api>car that its marked eruptions, commencing with that of 
KKU, have y'dirreil at intervals of 25. 75. 9, 44, 47, 18, 72, 4<>, 34, 16, 46, 74, 44, 29,36, 
6, 11, 57, 35, 26, 12, 6, and 73 years, the last terminating with the eruption of 1845. 
The intervals between the outbursts of Tridlmlyngia, commencing with the eruption 
of 11.50, were 38, 171, 116, and .*15 years. For 340 years (since 1510) this vent has 
been (|uiet. While liccla lias shown the most constancy in poaition amid the vol- 
canic vent.s of Iceland, active at various intervals for the last 846 years, and while 
single eruptions have only been known at other points, certain vents have shown 
themselves active during the lapse of tlie same time for a few years only. Thus 
eruptions are recorded at Keykiaues as occurring in 1222, 122,3, 1226, 1237, and 1240, 
altogether only for 18 years, since which time they have ceased. At Krabla, also, 
they commenewi in 1724, were repeated in 1725, 1727, 1729, and in 1730, after which 
none have ticeurre^l. At Skeldsa*ar-j<>kull eruptions began in 1725, were repeated in 
1727 and 1728, and terminatotl wlUi one in 17.53. The outburst of Sandfells-jdkull in 
1 748 is rt»eorded as continue'*!, probably, with intervals of repose, tol752, Uieerapdons 
bidng montione*! as annual for that time. 

t riic volcano of Kldborgarhraun, in Iceland, is inferred to have bad an erupdon 
in the year 850. 

I “ I>escriptton of Voleaiios,” 2nd eilltlon, p. 247. 

^ lloirinann, ToggendorlTs “ Annalen/* 1832, 

is Daubeny, ‘M)eseripli<»n of Yolcaiuui,” p. 247. “U (lows down the mountain,** 
Dr. Daubeny states, “ in the direction of the soa, wldcb, Iwwever, it never appears to 
reach, lu comiiig solid beft^re it arrives at that p<»int. Some portions, however, of the 
congealed mass arc continually detached, and roll down into U»o aoa.’* 
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cinders, or ashes have taken place at tlmt old vulcanic vent ibr 
about five centuries and a half. It may not be Improbable, from 
ancient writings and modem apix?aranccs, tliat at the promontory 
of Methana (formerly Methonc), on the coast of (ircooc, voUmni<5 
forces were in activity, and had not finally cc^isod in the time of 
Strabo, though since then that volcanic vent has remained (jui- 
escent.* Dr. Daubony infei'S, from L’vy and .luliiis Obsi'quens, 
that the volcanic action 4)bscrvable in the Alban llill'^ (Central 
Italy) may have continued dt»\vn to historic timcs.t 

I’he eruption at the promontory of Methana may, it would 
ap|H\ir, have l)een siuMeu, a eou>ideiable mound having been lbi ii''t 
up. or accumulated in a >liort time, in the manner of doinllt>,] 
which rove alx>ve the Mexican plain, in about lour months, to tin* 
lieight of feet, oi llie still more rapid production of tiu' M.ailc 

Nuovi>, iK'ar Naples, wlilcli. in ah>ut two days, attained an altilUflc 
of 440 left, Nvith a clrcuinicrencc of alxmt a mile and a ball*. 
These sudden outbiiists are impatant as regards tlie eaiis(‘s of 
voleanlc action, more especially when no ap[)carancc of a pre\i<‘us 
A olcanic vent , seems to have prcMmted itsell*. It would ai)pear tliat 
prii'V to June, IToO, the area upon which .lorullo now stands was 
covered by plan tat ion >' of indigo and sugar, l)oundcd by two brooks, 
the (aiitiinba and i^an l\’dro. In Jinu*, subterranean nois(‘s, acc(»m- 
panied by eurth([uaki*<. conimeiiced, and lasted lll’ty to sixty days. 
In Sept«-niber, all a]»peared again tran(|uil, baton tlie ‘28tband 2lhh 
of tliat month the subterranean noises were n‘p(*ated, and a(*cord- 
ing to Humboldt, an area of three or lliiir square mili*s.rose up 
like a bladder. This uprise is eonsidereil t«) be mark»jd by an 
elevation of dO Icet around the edges ol* the ground thus moved ; 
one continued to the height (»f 524 1‘eet towards the ctmtre of the 
present volcanic district. The subsequent eruption was very violent, 
I'ragmcnts of rr)ck being ejected to great lieights, cinders and ashes 

* Daubeny, “ Volcanos,” p. 328. It would appear that at that time the volcano 
was sometimes so hot as to be inaccessible, aiul to be visible afar off at.night, the sea 
also being heated near it. The hills of the peninsula, according to Virlet (“ Expe- 
dition Scientifique do Morcc,” 1839), are 741 metres (2,431 English feet) above the 
sea, and he infers that among the igneous rocks of different tlates there found, the 
last volcanic action, here noticed, occurred on the western part of the peninsula, 
uhere the trachyte presents a black and scoriaceous aspect. 

t He observes (” Volcanos,” p. 170) that, there are indeed some passages in 
ancient writers which might lead us to 8up]K>8e a volcano to have existed among these 
mountains even at a period within the limits of authentic history, for Livy notices a 
shower of stones, which continued for two entire days, from Mount Albano, during 
the Second Punic W'ar; and Julius Obse<jueiis, in his work * De Prodigiis,* remarks 
that in the year 640, A.U.C., the hill appeared to be on fire during the night.” 

J Daubeiiy, “ Description of Volcanos,” p. 327. 
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thrown out in abundance, and the light enutted being viable at 
eonaidcmblc distances. The Cuitimba and San Pedio poured 
tlierasclves into the new volcanic vent. “ Thousands of small 
cones, from 6 to 10 feet in height, called by the natives Homitos 
(ovens), issued forth from the Malpays. Each small cone is a 
ruiiierole, from which a thick vajK)ur ascends to the height of from 
22 to 112 feet. In many of them a subterranean noise is heard, 
whicli apj)ears to announce the proximity of a fluid in ebullition."' 
81x volcanic masses, varying from 300 to 1,000 feet in height, were 
thn»wn iij) f rom amid these cones, out of a chasm having a N.N.E. 
and S.S. \V. direction. From the north side of the liighest (Jorullo) 
a consid<‘rable quantity of lava wiis ejected, containing fnigments 
ol otlier rocks. Tlie great eruptions tenninatcid in February, 1700. 

licsjjccting Monte Xuovo, the llrst indications of its pnxluctioii 
were iiotice<l on the 28tli r>f .SeptcinlKT, 1538, when, according to 
an <‘ye wit ness,* the .sc^a-bottoin near Puzzuoll became dry for 13u0 
yards, and tlie fish left uj)on it were curried aw'ay in w'aggons. At 
(‘ight o'clock next morning the ground is repra*tcd to have sunk, 
where the volcanic oriiice afterwards apjK'ared, about 13 feet. At 
noon ilie eartli begun to sw’ell up, andlx^camc iis Iiigh as tlic Monte 
I{os>i, and from the vent forined, fire, stones, and ashes were 
ojec'ted, so that linally the lilll took the form now seen. For 70 
miles around the volcano the country w’as covered with ashes, 
killing l)irds, haves, and smaller animals, and breaking down 
trees, ^loutc Nuovo is 430 English feet high, and lias a crater in 
its centre 420 leet deep, according to ]M. Dufrenoy. At the bottom 
(lierc is a «iivcrn, at the extremity of which Professor James Forbes 
found a sjiring issuing with a temperature of 182^*5. 

These instances of the sudden production of volcanic vents on 
dry land (and wlien wc consider the chances for obserA’ing and 
recording them, they were probably far more numerous witliin the 
last 1,000 years) are sufficient to sliow that the uprise of volcanos 
tlirough tlie sea would Ix^ expected amid and around volcanic 
islands and regions. In the atmiK«!pherc tliey retain their forms, 
sucli a.s are presented at Jorullo and Monte Nuovo : raised tlirougli 
the level of tlie sea, the stability of such portions depends, as above 
mentioned (p. 70), upm the jxiwer of the volcanic mass to resist 
the action, first, of the breakers, and, secondly, of the wind-waves, 
where the former may have cut it down to the pn^per depths. 

* Tranccsco del Nero. A letter of Ids to Nicolo del Benino of Naples, and scut to 
Uoino in l.W, was lirst published in l.oonhanfs .lahrbuch fur Geologic.'* lS4f», and 
Daubeny gives a trnnslotiou of it, *• l>escriplion of Volcanos,” ‘2nd edition, p. 208. 
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The volcanic outbursts of this kind between Pantelluria and Sicily, 
olf the coast of Iceland, and among the Azores, have In't^n alrcAuly 
noticed (pp. 70 and 100). To these may be added (as showing 
how much depends on the opjiortunity and ability to have sui h 
submarine terminating in subiierial eruptions recorded, and the 
range of time during which they have been known), the mud, 
smoke, and flame noticed by Strabo as rising through the sea amid 
the Lipari Islands, and the flame alst> rising there alx»ve Its level 
during tlie Soc’ial War, as mentimied by Pliny.* 

Volcanic accumulations would api>ear sometimes to rest upon 
considerable hollows, and also to have large cavities distributed 
among them, the portions covering or surrounding which being 
either unable to resist the pressure of the siiperlncumlxmt weight, 
even in the tnuupill peril ds ofa vidcano, or broken through during 
eruptions, the volcanic matter falls in, or water retained amid the 
cavities is ejected. Of the falling in of volcanic accumulations, 
depressions sometimes taking the place of protrusions, many 
instances are given; but of those which liaj){X‘n to have bec<imc 
known, the dlsapjxanuicc of Papandayang, a volcano of Java, in 
1772, would seem to be most remarkable. Papandayang, formerly 
one of the largest volcanos in Java, was situated on the south- 
western part of that island. x\fter a short but violent paroxysm, 
and ab(jut midnight, between the 11th and 12th of August, a 
luminous cloud cnvelojKHl the mountain. The inhabitants (»f the 
sides and foot of the volcano betwk themselves to flight, “ but 
before tliey could all save themselves, the whole mass began to give 
way, and the greatest part of it actually /cW in and disappeared 
in the earth.” Tliis was accompanied by sounds like the discharge 
of' heavy cannon, and an abundance of volcanic substaiK^es were 
thrown out and spread around the adjoining country. The area 
thus swallowed up was estimated as measuring fifteen by six miles. 
Forty villages arc stated to have Ixcn partly swallowed up, and 
partly destroyed by the volcanic substances thnmn out, and 2,957 
inhabitants perished. Persons sent to examine the locality found 
the heat of the substances surrounding it, and piled up to the 


* Detailing the evidence on his head, Dr. Dauhony (“ Dcscri]>tion of Volcanos,” 
p. 25.3) asks if the comparatively recent origin of the Island of Mpari itself may not 
be inferre<l from its present fertility as compared with the sterility ascribed to it by 
Cicero. lie also points to the fresh c^mditionof the craters of this island, as observed 
by Hoffman, the hot springs and stiifes at San Calogero, near the town of Lipari, and 
the statement of Stralm tliat this island emitted a fiercer fire than Stromlmli, as per- 
haps showing that an active volcano may have existed in it even within the historical 
period. 
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height of tlircc feet, so great, that they were unable to approach the 
S{K)t six weeks afterwards.^ 

Cavities amid volcanic accumulations may not only be partially 
or wholly filled by water, the condensation of aqueoas vapours, 
finding their way into them, or rain or melted snows upon the ex- 
terior of a volcano percolating to them, but the waters also may l)e 
sometimes of a temixTature and kind, permitting the existence and 
increiusc of animal life. IIumlK)ldt rcofjrds, that “when, in the 
night of the lyth June, lfi98, the summit of Carguairazfi (18,000 
French feet in heightt), fell in, leaving two immense peaks of 
roc'k as the solo remains of the wall of the crater, masses of liquid 
tufa, and of argillaceous mud (Jx)dazaleii), (X)ntaining dead fish, 
spread themselves over, and rendered sterile a s{)acc of nearly two 
S(juarc German miles. The putrid fevers, which seven years 
Ixifore prcvaile<l in the mountain town of Ibarra, north of Quito, 
were attributed to the quantity of dead fish ejected in like 
manner from the volcano of Imbabuni.’’^ The fish here noticed 
{PimdoduH cychtpum), Humlx>ldt further informs us, “multiply 
by preference in the obscurity ol‘ the caverns;’’ possibly, also, there 
may be something In the temperature of the waters. He observes, 
that it was in consequence of tliesc discharges of waters, pent up 
in volcanic cavities, that the inhabitants of the plains of Quito 
became ac(iuaintcd with these little fish, called by them Prenadilla. 

Tliat the waters of such hollows and cavities are not always thus 
fitted for the existence and increase of animal life would be ex- 
pected, when the observer reflects upon the varied conditions 
under wliteh they are likely to occur. As an example of the 
effects produced by the admixture of gaseous volcanic emanations 
with the waters in such reservoirs, we may adduce the great flow 
of acid water which accompanied an eruption of the Javanese 
volcano of Guntur, or Gounung Guntur, in 1800, when not only 
streams of lava were iKnired out (a rare circumstance, it would 
appear, among the Javanese volcanos, commonly ejecting little 
else than cinders and aslies),§ but als<i an acid torrent. A river 

♦ Dr. Uorsfleld, as quoted by Dr. DaiOKJiiy, ** Dcecriptlon of Volcanos,” 2nd 
edition, p. 406. 
t English foot. 

i Kosmos, 7th edition (Sahlno’s Translation), p. 222. This fact has long since been 
mentioned by Humboldt in bis earlier works. 

§ In a letter to Dr. Dnubeny (“ Description of \ olc4inos,”p. 400), Mr. Beete Jukes, 
alluding to the almost entire absence of hard rock on the surface of the ground in the 
volcanic districts of Java, infers, that the Javanese volcanos “ bad long ceased to 
erupt lava, and have for ages been luiryliig the previous streams under piles of ashes 
and jwwdor.” 
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descending from this volcano is described i\s suddenly swelling, 
** charged with a large quantity of white, acid, sulphurous mud/* 
On the 8th of October of that year, the waters came pouring 
down into the valley, carrying everything before them, sweeping 
away the carcases of men and sundry animals, and covering the 
face of the country with a thick coat of mud/* On the 12th, a 
still greater “ deluge of mud** came down the valley. Such sudden 
increases of the volume of water would seem to point to its dis- 
charge from extensive cavities where it wivs, for the time, pent up, 
and where it became impregnatcKl witli sulphuric acid, dcrivc^d, us 
Dr. Daubeny points out, from the decompevsition (>t‘ sulphuretted 
hydrogen gas.* 

Without uselessly multiplying examples of tlie discliargt- ofccui' 
sidorable volumes of water, apparently pent up in tlu* holl«»ws iA' 
volcanos, it may he menthmcHl that, in IToo, a volume ol* water 
was siKldonly discharged trom a cavern Ik‘1«>\v tli(‘ great eratcu- of 
Ktna, and that, dadiing over the >nows and side <»!* tin* inounlain, 
it de<tro\etl anti carried lx*loro it a large ann)unt ol‘ mait<‘r. 
r<*rrt‘nts t'f water arc statetl t‘* have is.snicd iVom Vt Mivius during 
fin* grettt eruption t»i‘ Id.'U, but \vln‘ther fn>m cavcriH amid tin* 
acouinulalions, or as the result <»f the somewhat suddt‘u condensation 
t.f largo volumes of afpieous va]>our disohaigmd from tin* tTater, is 
not clear. Ik* this as it may, the eolleetion ol‘ waters amid voleanie 
accumulations, would app<*ur tin* n(*edful censetpienoe oi’ the (‘xist- 
ence of such cavities, and of the eondt^nsation of atjinMais vaptutr 
in, (Ji tlie infiltrution of rain er melted miow into tliem. Thest* 
outbursts re^juire to he earelijily dlstlnguisheil from the torrents 
descending the sides of voleainjs mon* or l(‘ss cover(‘<l hy snow, 
either in tlie higher nrntliern and southern latitudes, or rising 
alx>ve the lim* of peri)etual snow in the t(*m))erate or tropical 
regions. The suddenly-melted snows of’ (\>topaxi (fig, 121) pour 
down the furrows on its sides, as in the eruption of 1S03, wlien, 
in a single niglrt, the snows disaj)pearc(l from the cone, and the re- 
sulting torrents of water transported cind(*rs and ashes-into tlie Hio 
Napo and the Rio de lf>s Alaques.“f* Humboldt refers generally to 
the high volcanos of the Andes as thus, l)y the sudden melting of 
their snows tnuisporting smoking seoriaj among tlie lower lands, 
and prfxluclng great inundations.^ Similar efTects necessarily 

♦ Daubeny (“ Description of Volcanos,*’ p. 408), quoting Bo(ui Meseh, “ Dissertiitio 
(le Iricendiis Montium Jav®,” 1826, who obtained his information from Iteiiiwardt, 
the Dutch traveller in Java. 

t ** Voyage de Humboldt ct Bonpland,” Atlas, Art. C’otopnxi, Paris, ISIO. 

J Kosmoft, 7th English edition (Sabine), p. 221. 
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follow eiiniliir causes in the temperate regions. Probably, however, 
the cc^nsequences of the sudden melting of snow and ice from 
volcanic action are nowhere so great as in the higher latitudes, 
where large glaciers, holding, or supporting minei^ matter, are 
broken up, and partly melted and partly in fragments, are hurried 
onwards to the lower levels- The accounts given df the effects 
thus prrduced in Iceland show, that the torrents, so caused and 
intermingled with ice, are of no slight geological importance. 
Although, under ordinary cii*cuinstan<?es, so little mineral matter 
ap|xjars capable of being moved on Victoria I^and (p. 249), it is 
eiujy to conceive tlrnt, during considerable eruptions of such volcanos 
as those of Mount Erebus and Mount Terror, great heats may sud- 
denly melt tlic snows clothing these mountains, producing large 
v(»luines of water, which may continue li(iuid for a time sufficient 
to furrow into, and carry (4f scoriie and ashes, usually bound t^> 
gether by, an<l, to a certain extent, not unfreqiiently interstratificfl 
with, tin* grout snow cenering of tln»se regi«»ns. 

It is iKrdful well to con>ider the nilneralogical structure and 
elu'inical coinpc)sition of the various volcanic products, whether 
these may be in the fi)rm ol’ lava streams, of molten rock wliich 
has risi*n in, and more or less filled fissures, of scoriaccous sub- 
>tances (d’ considerable bulk, or of those ligliter Ixdies commonly 
known as pumice, cinders, and ash. Tlioiigh mucli has been 
accoiiq)lislu‘d, more especially of’ late years, respecting this know- 
ledge, tlie discoveries in chemistry gn'eatly iidvancingsuch inquiries, 
and though some apparently sound general conclusions have, from 
time to time, been formed, it will be evident, Ixdhre certain of 
these can bo fully admitted, however tliey may Ik* ajiplicahle to 
tlu* particular l(X*alitics noticed, that, hx)king at tlu* ilistribution of 
Nolcanic vents over the surface of the globe, an ohst*rver jx assesses 
ample opjK)rtunitics, by careful research in various parts of the 
world, of’ still further advancing tmr kiiowlcilge in tliis respt'ct. 

Whether the solid volcanic i\>cks arc crystalline, stony, or vitreous, 
will, as we have seen (p. 325), often in a great measure depend 
upon the etaulitions as to cxxding, to whicli they have been 
exposed, all other circumstances being tlio same.* Hence the 

* It is very essential, in such invesiijfations, to bear the other c<iiinlity of coii- 
ilitions in miiul, for there may bo ciroiimstancos much niiKlifying the external parta of 
lava currents. Thus M. l)ufren<»y (“ Mein(»ires iwur servir a une Description 

logi(juc do la France,” t. iv.) mentions having found that two-thirds of the interior of 
a lava current near Naples wore formed of n mineral which could be acte<l u|x>n by 
acids, while the surface was priiicii^Uy compo<«e<l of one not so attackal^le. In like 
iniinncr, also, os has been remarked by Mr. Dana (** (5 oology of the Vnited States' 
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chemical composition of volcanic rocks, whicli liave been ejecteil 
and flowed in a molten state, may olten be the same, notwith- 
standing the difterent states of mineral aspect. If tlie adjustment 
of the particles composing certain crystalline minerals has bi'cn pre- 
vented by the absence of the needful conditions, such as by a sudden 
refrigeration of the mass, these particles would remain diffused. 

The solid volamic products most studied and known to us liavc 
been divided into rocks named trachyte and dolerite. Minerals of 
tlie felspar family constitute essential portions of these rocks, en- 
tering more extensively into tlie ctnnposition ol* trachyte than into 
that ol dolerite. iVith nn^ks may be also viewed as silicates, chiefly 
ol alumina, lime, magnesia, potash, and soda. Trachytes ai*c indeed 
considered “chemically trisilicates, with or without an excess of 
silica,”* Trachyte may, however, according to the deiinitions 
given, also contain frcH) silica or quartz, imd the separate minerals 
mica, lioniblende, or augite. Dolerite is composed of the felspar 
known as labradorite and ol augite, and the term auijite rock is 
sometimes given to this compound. In this latter rock the pro- 
portion of silica is diminished, and that of lime and magnesia 
incrciised. "1“ 1 his classification of the more solid volcanic pixHlucts 
into two main divisions, however convenient as affording facilities 
for investigation, is found to need such modification, that an inter- 
mediate class of rocks, termed trachytc-dolcritos, has been propos(‘d 
by Dr. Abich, in which the composition parUikes of the mineral 
characteristics of b<jth trachyte and dolerite. With respect to 
changes in chemical composititm, Dr. Daubeny remarks, that “ tlic 
gradual increase of soda is likewise a remarkable eircurnstance, 
modern lavas appearing to contain a much larg(‘r (juantlty of it 
than the volcanic products of ancient periods, and various minerals 
being hence produced in which this alkali is predominant (natrolite, 
ncphellne, thomsonlte, &c ):J; 


^ exploring Expeflition, p. 203), a body of raoUen and very liquid lava kept long boil- 
ing or simmering in a volcanic vent, like Kiliuiea, in Hawaii, may have certain of 
I te parts separable, the more especially as the temperature may increase in any column 
of lava in proportion to the pressure upon its parts. 

♦ Daubeny, “ Description of Volcanos,’* 2nd edition, p. 15. 

f Respecting the diminution of silica, Dr. Daubeny observes (‘^Description of 
^ olcanos, 2nd edition, p. 17), that it is “ indicated by the substitution of labradorite 
for orthoclaso, or, in other words, of one atom of silica insteail of three, coufded with 
the presence of hornblende or augite, in both which minerals the silica bears a still 
smaller proportion to the base with which it is combined.” Rammetsberg (“ Dic- 
tionaiyr of Mineralogy,” IJerlin, 1K41) is quoted as pointing to augite ns H», S«, where 
R is either lime, magnesia, protoxide of iron, or protoxide of manganese, the silica 
tieing sometimes also replacecJ by alumina, as is also the case In hornblende. 

X “ Description of Volcanos,” p. 
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It is highly necdlul that the olxstirvcr should most carefully study 
tlic iifKxlc of occurrence of these rocks in volcanic districts, as he will 
rciuUly perceive that if their somewhat general sequence be from 
th<i trachytic to the dolcritic comp)und8, as has been supposed, an im- 
portant change had been effected as to tlie conditions under which 
tlie earlier and later sul)stance8 have been ejected from volcanos. 
The subject requires U) be regarded on the large scale, and due 
weight given to thosci rnodificjitioas arising, as will be further noticed 
hereafter, from the admixture of mutter derived from various rocks, 
amid which mineral volcanic products may have had to pass before 
tliey were linally ejected. 

In such exiiminations the chemical comp)sition of the r>ck, more 
(is|x;cially when tlie minerals noticed may be either ill developed, 
or their component jiarts have been unabh^ to collect ti>gcthcr in 
dednlte arrangements, is evidently of impjrtance. The rock-gla.ssc?, 
or obsidians, may as well belmg to one cLiss iis the other, and so 
also certain stony varieties, wherein any real development of dis- 
tinct minemls has not lx?en eirected. Dr. Abich has proposed the 
relative specific gravity of volcanic r<K.*ks as affording great aid in 
aseertaiuing the amount of silica in tlicm, a view in which Dr. 
Daubeny would ap[)ear to concur, remaiking fliat in these rocks 
“ the speeilio gravity of the mineral is inversely as the amount of 
silica, and directly as that of the other bases, so that a near approxi- 
mation may often be obtained to their chemical composition by 
merely ascertaining their weight.”* 

When assuming eluMuical composition from mineral structure, 
and that tjie substances constituting the biise of certain definite 
forms are constant, it i.s necessary not only to distinguish the 
minerals themselves, but also to give due weight to the replacement 
of some substances by others, without altering the form of the 


♦ Description of Yplc 4 ino 8 ,” p. 13. The following table is given in illustration 

Sjwciflc Oravlty. Silica per (*cnt. 


Trachytic porphyry , . 

. . 2-57S3 

69*46 

Trachyte 

, . . 2*6821 

65*85 

Domite ...... 

. . 2*r>3:u 

65*50 

Andesite 

. . 2*7032 

64*45 

Trachyto-dolcrito . . 

. . 2*7812 

57*66 

Dolcrlte 

. . . 2*8613 

53*09 


Clinkstone, wiUi a specihe gravity of 2*5770, and coiitaiiviiig 57*66 of silicji, and 
glasay andesite, speciac gravity 2*58:>l, with silica 66*55, not harmoniiting with this 
view, it is remarked, that though clinkstone chemic.ally resemhles trachyto-dolcrito, 
it has a different mineral composition, for it appears to be a mixture of a Ecolilic 
mineral with glossy felspar,” and that “ probably the same may apply to glassy 
andesite.” 
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mineral/ The amount of* matter oi’dinerent kinds wliieli may, as 
it were, be entangled with that which gives the form, h.us likewise 
to be regarded, the entangltxl matter being sometimes more con- 
siderable than might at first be supposed, compelled, as it were, by 
that considered essential to the mineral, to take the arrangement of 
parts belonging to itt 

Carefully seardiing for facts illustrative of the conditions under 
which the mineral matter ejected from volcanos may have been 
derived in the first place, or modified afterwards, it is essential 
apply for aid to chemistry as well as mineralogy, important as the 
latter may be. The passage of vapours and gases through, or their 
entanglement in, lavas, whether solid, somewhat vesicular, or highly 
cellular, as pumice, is often sufticient to prcHlucc m<Klilications re- 
quiring ga^at attention. Again, after cooling, with cavities in them 
of various sizes, containing matter partly gatherc^d tngi ther out ol* 
the mass of the containing r«K'k, and partly from extraneous sources, 
lavas may not <»nly hi nuHlitied in their eompo>ition, hut mineml 
substances may l)c formed in tlu ni of a different ehnraeter fnan 
those wliieh would have separaUMl out fi*oni the original fused n>i‘k. 
Again, also, lavas, from exj>osiire to atmospluu'ic inlluenees, may 
have lost Some of the soluble substances originally c*nt(‘ring into 
their composition, riuis no little care is re<[uired in the s(‘leetion 
of portions of a volcanic rock which shall proj)i*rly represent Its 
original condition, as regards its ehemleal character. 

As the fels[)athic minerals enter so largely into volcanic rn^ks, ami 
indeed constitute a considerable part of igneous roc'ks, viewed gene- 

* Before enji^afnng in iiivosti^^atious of this kind, the obsor\t*r should make hiiusolf 
acquuiiite<l with the Ixxlies termed {somorpfutus^ or those which replace each other 
without causing any alterations in the stnicturc of minenilH. In inquiries into tin* 
chemical composition of rocks a knowlcdfijc <)f these substances is highly important. 
Thus, for example, maj^ncsia, lime, protoxide of iron, and protoxide of man;<nncst% 
replace each other in any proportion. As M. Dujrcnoy has well remarked (“ Tniite 
de Mineralogie,” tom. i., p. 19), “ it is not necessary,’ in order to present the same com- 
position, that minerals should exactly contain the same weight of their simple cem- 
stituent substances ; it is sufUcient that there is an exact relation bctw'ccn the bases 
and the acids they contain, or between their isornorphous substances.’* 

t This power of one comi)ound to compel others to take its crystalline form is of 
no little importance, in estimating; the chemical composition of rocks. These 
admixtures are clearly mechanical in some instances, as, for example, in the well- 
known crystallized sandstone, as it is sometimes termed, of Fontaiiichicaii, wlicre 
grains of siliceous sand, in large quantity, arc entangled in carlmnatc of lime, so 
crystallized as to include them without destroying its form. ArtiHcial compounds 
may be made, in which large proportions of some substances may be mingled with 
others, the fundamental crystalline form of the former remaining uninjured ; 4hu8, 
for instance, M. Beiidant succeeded in producing crystals of the form of sulphate of 
iron, which contained 8.5 per cent, of sulphate of zinc, the remaining 1.5 per cent, only 
being the proportion of the substance giving the form to the crystals (“ Annales <les 
Mines,” 1817, t. ii., p. 10). 




iVlso oxide of copper U’3. 
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rally, die annexed table (page 355) of their chemieal composition 
and specifle gravities, by Dr. Abioh,* may lx* found useful. 

From the same author has also been compikHl the following table' 
of the chemical constituents of several trachytes anti other volcanic 
rocks : — 
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2 

3 

1 ‘I 
( 

B 

A 

T 

H 

0 

10 

Silica . • • . 

73‘-l6 

68-35 

r.T*o‘> 

i 

61*10 

■ 

61*0.- 

f77*07 

57-: 6 

r2-20 

5 : 1*88 

40*21 

Alumina 

13*05 

l.t 92 

I5’f3 

17 18 

17-21 

13-19 

17-5«l 

20 80 

12 04 

15 76 

Oxide of in»n . 

1*-I9 , 

2*28 1 

d*.50 

(5*46 

/4 84 

4* .4 

6*7.1 1 

4 • 30 

0 25 

11*81 

iu.uigane»e 

ira*,x\ 


. , 

T>*it 

0-32 

0 82 ( 


. ♦ 

. . 

l.itin* , . . 

e-d5 

U‘8.5 1 

2*25 i 

1*52 

1*43 1 

3 to 

5*16 i 

2*70 

8*h:i 

6*07 

M.ipio-iu , , 

0-3^1 

2-2o ' 

0 o: 

0*2.< 

2-07 

3- ,6 

2*76 I 

1-40 

7 1H> 

6*01 

, , , 

4 30 

3*2-1 


4 37 

7-16 

2*18 

1*42 ! 

310 

^4-76 

^ 4 \^^ 

Ntda .... 

6*i8 

4*20 1 

5 07 

7 98 . 

4*64 , 

4*IH) 

6 >2 ! 

5*20 

> 6(m; 


1. Porphyritic tmohvto, with mica, from Potiza. *2. Porphyritic trachyte from 
Monte tiuailia, Lipari. Trachyte from Uio Dmchenfels. 4. Lava fn>m Monte 
Nuovo. 5. Lava, nainctl Arso, Ischia, 7. Traciiyte-tlolerite from the Peak of 
Toneriffc. 8. lloi'ca di (Jiannicolo, Val del Bovc, Ktna. 1». l>olo rite of Strom bull no. 
10. Lava of Vesu\ius. 

The annexed table has l)C(‘n eonstruettHl Irom tlic analyst’s ol‘ tin* 
lavas from Vesiiviusund Monte Somina, as oiven by M. Diirnbioy : — 


Silica .... 

' .')3* 10 

.''HI* .^>.3 

49*10 ’ 

.30-08 

48*02 

Alumina . . . 

. 10*. "is 

2o:jo 

22*2.8 1 

22*04 ! 

17 -.30 

Proto.xide of iron . 

t 0*06 

8*60 

7 *.32 i 

8*. 33 1 

7*70 

Lime. 

3-31 

*20 

3*88 . 

5-04 

0*24 

.Magnesia . . . 

i i ir, ' 

i 1*21 

2*02 

1-23 j 

0*84 

Soda ..... 

I 0*46 i 

i 8*42 1 

0*U4 

8*12 ! 

2*40 

Potash .... 

j 2*23 ! 

1 2* .32 

3 -Of) i 

3 *.34 I 

12*74 

Loss ..... 

i -I-IT 1 

3*20 

2-40 


1-.36 

Increase . . . 

1 



0*24 



1. Lava of Palo. 2. Lava of 1831, taken immediately below the Piano. 3. I.ava 
of Ganatello. 4. Lava from La Scaia. 5. Monte Srjmma, mean of two analyses. 

Comparing tlic composlti<»n of the lavas of VT’suvius with those of 
Monte Somma, M. Ihifrdiuty pf)ints out, that while tlic latter are 
almost unattackablc by acids, tlio.se of tlic Ibnner are in a great 
measure Sfdublc in them, in about the proportion of 4 : 1 ; and tliat 
while the lava (4* Mcmte Somma contains a large proportion of* 
potash, in that of Vesuvius soda prcdominatcs.“f- 

♦ “ Leber die Xxitur und den Zusammenhang dor vulkanischcn Bildungcn,’* 
Brunswick, 1811. 

t Parallele entre les differents products volcaniqncs des environs de Naples, ct 
rapport entre Icur composition ct Jes phenomcneg quo les ont produit;” Memolrcs 
pour servir a une Description Gcologiqiie dc la France, t. iv., p. 381, (laiS). 
M, Dufrenoy adds, that this difference of com|)osition is also apparent in the minerals 
common to the two lavas, the augite of Monte Somma liaving a base of iron, while 
tliat of Vesuvius enters among tlie calcareous varieties, such as sahlitc. 
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licspccting Ittvtt replete with vesicles or cells (pumice), the fol- 
lowing analyses arc taken from Dr. Abich :* 


! 

I 

2 

3 

4 ' 

5 

1 

6 ; 

T 

H 


SIIU-A 


61 •o« 

62*42 

f2*20 

62*04 

6H*n 

c9*:o 

73*77 

73*70 

Slliiu aiui Titanic ot-M . 

!•« 

IMj 

0*74 

. . ‘ 

, . 

l*2.t 

• • 

• • 

•• 

Ahiiiiliui. . . • . * 


IT'34 

14*72 

16'W 

16*55 

8-21 

12 31 

10 83 

12*27 

0\l«l<* uf ln*n , . . 

4*L'»i 

7*77 

I 

4-15 

4*43 

8*23 

4*66 

1*80 

2*3i 

timnganciic , 

0*23 

0*62 

■Jim 

tnu-e 

, . 

trac<* 

,, 

. . 

, , 

l.lnic • . . . . 

0 fi2 

1-46 

b 25 

I*-4 . 

1*31 

0*14 

1*68 

1 21 

0 65 

.MimncMi;! ... 
PiMunh 

o:‘» 

4* 02 

3*2S 


0*72 

o*.rr 

0*68 

1*30 


11 '-'A 

2-85 

4*74 

6*21 , 

6 3J 

H .^2 

6 69 

4*29 

4-52 

S<i«hi ' 

2*97 

1 82 

1-55 

3 98 

3*l>6 

J*60 

2 0 *2 

3 90 

4*73 


I Pumice from Tcncriiro. 2. From fhc Islnnd of Fcnlinaiidca. 3. From the 
volcano of Ampilpa, B<divin. 4. From the Island of Ischia. 5. From the Phlegrean 
Fields. 6. From the Island of Puatelluria. 7. From the Island of Sautorino. 
8. From Llaotacuiiga. 

According to Professor B. Sllliinan, jun., the m<xlcrn Liva and 
volcanic glass of Kilauca, Hawaii, not only contain a considerable 
amount of oxide of iron, but also sula, to the exclusion of pottish, 
all the constituent substances varying much in their relative pro- 
port ions.f 


* “ Peber die Natur und den Zusommenhang dor vulkanischcn Bildungcn,** 
Ibunswick, 1H4I. 

t Dunn, “ (ieiilogy of the Ibiitcd States’ Exploring Expedition,” p. 200, whence the 
billowing analyses are extracted ; — 


1 I s ! 


Mlica ' 

39*74 

j 

51 -M I :)0-67 

59*80 

.Muniina • • . ; 

l()*r>5 

i4*t)7 : ,. 

, , 

Pruto-xidc of iron . } 

22*29 

10*91 . a3*62 

31*33 

Lime. . • • . i 

2*74 

6*20 ’ 3*66 

, , 

Mngnesiti . . . { 

2*4U 

1*73 j 1*13 

1*71 j 

Soda 

21*62 

6-31 i 10-52 

i 

4*83 1 

j 

1 . Park' coloured Pole's Hair. 2. 

Scoria. 

3. Compact vitreous lava. 4. Compact 

stony Inva. 3 Und 4 arc from tlic same s|>ecimcn, the former constituting the exterior 

portion of the latter. 




Mr. Dana also gives the following analysis of Pole's Hair by Mr. Peabody, which 
agrees w ith the above os to the large proportion of protoxide of iron, but diflers from 

it by giving potoah 




Silica 

• • • 

. . . 50*00 


Protoxide of iron , 

. . . 28*72 


Lime . . 

. • 

. . . 7*40 


Alumina . 

. . 

. , . 6*16 


Pot«8h . 

. 

. . . 6*(H) 


Soda . . 

. 

. . . 2*00 
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The following ore analyses of rock-glasses, or obsidians, from 
different parts of the world, showing their variable composition : — 


— 

1 

2 

1 

3 i 

1 

5 

0 

T 

Silica ..... 

60 *.5!' 

62*70 

74*0.5 1 

74 -so 

84*00 

70*34 

69*46 

Alumina . . . 

lo-o:) 

16*08 

12*97 , 

12-40 

4-64 

8*63 

2*60 

Oxide of iron . . 

: 4*22 

4*98 

2*73 ; 

2-03 

j rvoi 

10*. 52 

2*60 

maiigaiR'se 

1 D-.Ti 

0*3» 

0*12 

. . ' 

I 

0*32 

. • 

Lime 

; 0*51) , 

1*77 

1 0*28 ; 

1*96 

2-3J 

4*56 

7*54 

Magnesia .... 

1 0*10 

1 0*82 

i .• ’ 

0*90 ' 


1*67 

2*f>0 

Potash .... 

I 10*63 

1 6*09 ; 

; 4*15 

6*40 


. . 

7*12 

Soda 1 

3*5tl 

1 4*35 

5-U 

. . ! 

I 3-55 

3*34 

5*08 


1. From Teneriffo (Abich). ‘i Islrtud of Procitla (Abich). 3. Lipuri (AbichV 4. 
Telicobanva (Erdmann). 5. Icelaiul (Thomson). 6. India (Damuur). 7. rnsco 
(BerihierV 

As olivine and loueitc are minerals ulten entering largely inU> 
vnleaiiie iwks, it is uselul tliat the ohsi'rver, wliile estimating tin* 
chemical composition ol those in which they may (»ccvir, should 
l)ear in mind tliat tlie 11 inner i.s a silicate of magnesia and pro- 
toxitle of* iron [ Mg, Fr)'^ !^i], and tin* latter a silicate of potash 
and alumina (Iv* 4* 3 Al fSr).* lie should also recollect that 


♦ The foll<»wini» analyses may aid in blunuiif^ the similar composition of olivine 
from various localities. Several others mi^xid be atldctl of the same klinl : - 


— 

1 

2 

3 

4 j 

5 

Silica 

10-0.1 

40* -15 

ti:>i 

11*44 

40* l *i 

Magnesia 

5<l-4'» 

.'»0-67 

.50*01 

49* l'» 

44*5.5 

Protoxi Ic of inm . 

Sir 

H*(>7 

H-66 

9*72 

15*32 

mangane*ie 

0-2o* 

018* 

0**25 

0* 13 

C*29 

Alumina. 

0* 19 

0- 19 

0*0ti 

0-16 

0*14 


• INToxtiif of inangan<’sc. 

1. From the Vo^'clsber^, (iic^-seii (.Stroineyer), roiitains also 0*.37 protoxide ot 
nickel. 2. Kasalthoff, Bol.cmia (Ntronicyer), eoiituins also 0*33 protoxide of nickel. 
3 Iscewcise (Walinstedt). be Puy, Vi varais (Walmstedt), contains al.so 0*2 1 of 
lime. .j. Monte .Smiina (Walmstedt). 

As resjiecta this mineral, it is hi{»hly interestin;; to find that the olivine found in 
the met(‘oric iron of Siberia and Otumbn, South .\inerica, should posse.ss a biinilur 
coinjMisition. 


Silica. .... 
Magnesia 

Protoxide of iron . 
manganese 


40- Hf, 1 38*2.') I 
17*3') I 4'.) '<>8 : 
11*72 I 11*75 ) 
0*43 1 (Cll I 


1. From .Siberia (licrzelius). 2. From Otumbu (Stroineyer). 

With respect to loucife, the two following analyses, the first from Vesuvius, by 
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is a silicate of lime and magnesia^ ((5a^ + Mg’ Si^, 

labnidorite, a silicate of alumina, lime, and scxlaf (li Sl + A\ Si), 
orthocli^ (poUish-felspar), a silicate ol‘ alumina and potash J (K Si 
+ Al a?), albite (soda-lelspar), a silicate of soda and alumina § 
(Na Si + Al SI’). 

The chief substances entering into the comp<i8ition of volcanic 
rocks arc the silicates of alumina, oxide of iron, lime, magnesia, 
[)otii.sh,and soda, the fusibility of the different c/anpounds of which, 
constituting distinct minerals, varies, the rocks into wliich augite, 
or that into which siliciite of lime enters most largely, Ixiing the 
(iaslest of reduction to the fluid state by hciit. As labradorite like- 
wise contiiins a considerable proportion of silicate of lime, and is 
more fiisible than orthfx^lase (the pjUish* felspar), both the minerals 
entering into tlie coin)K)sition of d‘*lcrite render it much more 
fusible than trachyte, chicily formed of tlie potash-felspars. Sili- 
(‘ate of* lime may indeed be considere<l as a characteristic substance 
in the dolcritcs, while it is comjiaratively rare in the trachytes, 
that is, of those in wliich true orthoclase predominates. I j In 
localitie.s, therefore, where trachytic have clearly precc^ded dole- 


.Vrf\ orison, ainl the scooml from Monte Suinma. by .Vwdejew, will serve to show the 
iuo|mrtioi) of tin* eoustituent parts: — 


Silica .... 

:>6*io 

.')r)*(>5 

Alumina. . 

23* lU 

*23*(« 

Potash .... 

21*15 

20*40 

S*)da ' 


1*02 

PiTO-xide of inm . 

0*25 



♦ III tlie very numerous analyses which have been matle of augite, the silica varies 
trom 47*05 ( ArcMulal, GilleufeUlcr Maar Kifel) bi 57*40 (Tjbtteii, Norway), the lime 
from 17*70 (Tyrol) to 25*00 ^Achmatowsk), and the magnesia from (Finlaiui) 
to IS* 2*2 (Vnllth’ lie Fassii). There is usually protoxlile of iron varying from 4*31 
(’lyrol) to 2f»*0S('ruiiaberg, Sweden), os also alumina from 0*14 (Dalecariia.) to 6*67 
(tiilleiifeldcr Miinr Eifel). 

t k being takcMi os ^ lime and I soda, the chemical conn>osition of labradorite is 
considered to be = .VI* 7 silica, 22*7 alumina, 12*1 lime, and 4*5 soila. There are 
usually also small portions of potash varying fnun 1 * 72 to 0*3, 

t 'fhe chemical comimsition of orthoelase is iiifcrreil to bo 65*4 silic 4 i, IS alumina, 
and 10*6 ^Mitosh, a little soda and lime being included in the latter. Nicol, Manual 
of Mineralogy,” 112. 

§ Albite Is considered to bo essentially composed of 62*3 silica, 12*1 alumina, 
11*6 soda, part of the last often n*placed by lime or potash.—Nicol, ** .Manual of 
Mineralogy,” p. 124. 

II Jn those eoinjKuinds referreii to orthoelase, in which soda is more abundant than 
potash, it may be much doubted how far they really deserve the name, unless It be 
iiiforred, with Dr. Abich, that soila and potash are both isomorphous and di- 
morphous. 



m DIFFERENT FUSIBILITY OF VOLCANIC MINERALS. [Of. XVIIL 

^ritic rocks, *the more fusible liave succeeded the least fusible pro- 
ducts — a fact of no little theoretical value. 

With respect to tlic diifusion of certain minerals, such as olivine 
and leucite, through the mass of a voleanic rock, having once been 
formed, that is, the component particles of the silicates of magnesia 
and protoxide of iron (»f the one, and the silicates of jxUash and 
uliunimi of the other, having been placed under tlie conditions 
permitting tliom Ircely to move and become aggregated in the 
definite and needful manner, these minerals may Ix'Ciune so many 
Comparatively inlusiblo LkhIics amid a more lusil)Ie mtu^s. Henee, 
by the application of a certain amount of lu'at, the containing 
subsUmcc, should it, fa* example, bc‘ any of* the dolcritic mixtures, 
may be fused, while these bodies may remain uumeltcd, retaining 
their forms and general eharaetei'S, until linally acted upon hy th<* 
surrounding molten mass, with its large pro}>ortion of silicate of* 
lime and alumina, forming a flux, and perliapvS by a more ele- 
vated temperature. It is easy, tlierefore, to conceive tliat, as has 
Ixcn above mentl<aied, a lava stream may be ejected containing 
leiicitos, and olivines derived from the rcinelling of a previously- 
formed volcanic rt»ck. Judging the specific gravity of dole- 
rites, when <!old and s^Jid (2*94 — 2‘9<i), leucite crystals (spec, 
grav. 2*4 — 2*0) would easily be upborne, rising towards the top 
of the rock in its fluid state, ready to lx (jected in a lava stream. 
Jliis would not bo the ctise with olivine, the specific gravity of* 
which (3*3 — 3*5) is greater than tliat of the doloritcs, so tliat if 
the latter, containing disseminated olivine, were rciiuJtcd, this 
mineral, from its little fusibility and greater weight, would have a 
tendeuey to descend, like any substance mechanically suspended in 
a fluid llglitcr tlian It.self. As to augite, disseminated crystals of* 
it would, from tlieir ready fusibility be soon incited, though their 
specific gravity would be 3*2 — 3*5. 

It may not bo out of place to remark, as it has been thought 
that trachytic may have been formed from felspar-porphyritie and 
granitic rocks of much older dati^, that upon the lieat to which 
the one or tlie other would lx exposed, rniglit depend the melting 
of these rocks either partially or wliolly. However silica, if* 
mingled witli some otlier substances, may be readily fusible, when 
once separated, as quartz, it is highly refractory, even if surrounded 
by fusible sl!icatc‘s, as may ha readily tried in the laboratory, and 
s<xn daily in iho slags in many great nuitallurgical works. 4’lu^ 
felspatliic jxations, which, in sonu? granitic and felspar- porphyric 
rocks, contain soda as well as iKilash, arc not dillicult of fusion, as 
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may csasily also be found by experiment. With the mica, much 
depends upm whether it is a potash, lithia, or magnesia mica. 
I'he second of these fuses more easily than the first, and both 
more readily than the third, which we have found, in experiments, 
still crystiillized, after the fusion of a felspar-porphyry, through the 
l)iuse or piuste of which crystals of it were disseminated. There 
apjxnin? no difficulty in conceiving that, upon the melting of a 
granite, comj>osed of orthoclasc, quartz, and magnesia-mica, the first, 
alter fusion, may again crystallize, and cnvclo{)C the two latter, 
h(‘ld nu'chanically sus[)ended in the molten fluid during the fusion 
of tlic felsputhic portion. Even supposing some of the quartz to 
have Ixion fused (Ixiing surrounded by a substance acting as a flux), 
upon the recrystallization of tlic orthocla«-c, we should expect that 
the extra amount of silica, not rcquii'cd for the formation of that 
mineral, would Ix) excluded as quartz. As to the position of* any 
unmelted quartz and mica of a granite, the felspathic |>ortion of 
which was alone fused, if the latter were wholly coinposeil of ortho- 
elase (sp. grav. 2 oil — 2-58), the quartz (sp. grav, 2*0) might 
luivc no great tendency t«) descend in the fluid IkkIv. The mica 
would more readily fall down, its specific gravity, for tlic potash 
kind, being 2*8 — 3* I, and for the magnesia species, that which is 
somewhat common in granites, 2 ’85 — 2*9. In some Iblspar- 
porpliy rites mica or quartz, and sometimes lK)tli, are, with felspar, 
and occasionally other minerals, well crystallized, so that sup}K)sing 
the descent of‘ the mica through the molten mass, and the quartz 
more mecluiiiicuilly suspended in it, an ejected upper portion may 
contain ihe quartz crystals, and a subsequent lava, the mica, sup- 
posing tliat it remained still unfused. 

'The attention of the observer is called to this mode of viewing 
the subject, so that, even on the minor scale, while some tracliytie 
rocks are before him, he may duly estimate the sinking or rising 
of* certain minerals in a fluid mass of molten i-ook, the higher or 
lower parts of which may be poured out of a volciuio, as its sides 
may either, hold firm, that lava overflows the crater, or be fissureil, 

letting oirthe fluid matter at a lower level. Viewing the whole 
height of a volcano known to us as a minor fmctional part of the 
depth to which the molten matter, partially from time to time 
tlirown out, may descend, certain minerals which have remained 
unf’used vq>on the partial melting of fclspar-porpliyritic or granite 
rocks, (at fust taking their relative jx^itions according to their 
.s[>oeilie gravities.) may be subse([uently melted, their elements 
mingling with the general mass, to Ix' afterwaixls elevated and 
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ejected. Thus supposing much magncsia-mica to have descended 
in the molten fluid, upon the partial melting of the granite which 
contained it, the magnesia, upon the final fusion of the mica> 
might wholly, or partially aid in the production of olivine in sub- 
sequently ejected lava.* The sinking of minerals in fluid lava 
long since engaged the attention of Von Uuch, who found felspar 
crystals more abundant in the lower that in the higher part ol* a 
current of obsidian at TenerifFe, and Mr. Darwin has more recently 
directed attention to it.f 

Volcanos having apparently pierced through rocks of most 
varied chemical composition, us shown by the fragments of them 
so often ejected, J it may be tissumed tliat portions of such rocks, 
when not thrown out as fragments, may be ol'ten liiscd in tlie 
interior of the volcano, their elementary substances iningllng with 
the general molten mass. While such fragments arc sometimes 
little altered, as if, after being broken olF suddenly from their 
parent rocks, they had not been exposed to a heat sufficient to 
cfiect much change in them, others appear to have been acted 
upon in various degrees, so that modifications in the arrangement 
of their component particles are produced, and even additions to, 
or subtractions of some of tlic latter themselves are cflected.§ 

♦ In some of the micas the magnesia amounts to more than 25 per cent. One from 
Lake Baikal, analyzed by Rose, gave 25*97 of this substance, and another from Sala 
afforded Svanberg 25*39 per cent. 

f Von Buch, “ Description des Isles Canaries and Darwin, “ Geological Observ- 
ations on the Volcanic Islands visited during the voyage of the ‘Bcoglc.’ ” After 
quoting the labours of Von Buch, and the experiments of M. do Dree (mentioned by 
him), in which crystals of felspar in melted lava were found to have a tendency to 
descend to the bottom of the crucible, Mr. Darwin discusses at length tl\p subject of 
the relative specific gravities of minerals in fluid lavas. “ In a body of liquified rock,” 
he remarks, ‘‘left for some time without any violent disturbance, we might expect, 
in accordance with the above facts, that if one of the constituent minerals became 
aggregated into crystals or granules, or had been enveloped in this state from some 
previously existing mass, such crystals or granules would rise or sink according 
to their specific gravity. Now we have plain evidence of crystals being cinbo<licd in 
many lavas, while the paste or basis has continued fluid. I need only refer, as 
instances, to the several great pseudo-porphyritic streams at tlie Galapagos Islands, 
and to the trachytic streams in many parts of the world, in which we find crystals 
of felspar bent and broken by the movement of the surrouiuling semi-fluid matter.'* 

X They have long been known on Vesuvius, where the fragments of limestone, on 
the Monte Somma portion of that volcano, have attracted much attention. A frag- 
ment of fossiliferous limestone has there also been found. Without entering gene- 
rally upon the various instances of the ejected fragments of rocks from volcanos, it 
may be useful to recall attention to those of limestone, dolomit%^ and sandstone, 
thrown out when the volcanic island rose through the sea between Pcntallaria and 
Sicily, in 1831 (p. 70), as showing that they may be sought for in such cascs.^ 

§ Dr. Daubeny notices the probable conversion of the ordinary Alpine limestone of 
the vicinity of Naples into granular limestone by heat, as seen in the fragments of 
the latter limestone found at the Monte Somma, and he (piotes the researches of 
Dr. Faraday, os showing that carbonic acid cannot be expelled from limestone unless 
steam be present. 
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liy breaking through, and entangling portions of limestones and 
dolomitic rocks, much lime and magnesia may be obtained by 
fusion, useful in affording materials for the production of the 
silicates of lime and magnesia of auglte, and the silicate of magnesia 
of olivine. So also with other accumulations disrupted and par- 
tially melted. Indeed, upon estimating whence the mineral 
matter of a volcano may have been derived, it becomes not only 
desirable to consider the probable composition of any igneous rocks 
which may have been remelted, and the circumstances attending 
this refusion, but also the aqueous deposits of various kinds which 
may have become more or less exposed to fusion during the time 
that a v(dcano has been ejecting mineral matter, cither as molten 
rock, cinders, or ashes.* 


* As respects the volcanic region of Naples, and tlie fragments of rocks which 
have been ejccfe<l by Vesuvius, it is interesting to consider the modifications of 
igneous matter which might arise from tlic addition of lime and magnesia to any 
fundamental igneous product derived from great depths. Dr. Abich (lleber die 
Nafnr und den Zusammoidiang des vulkanischcn Bildungen, Explanation of Plates, 
p. iv.), gives the following analyses of the dolomites and limestones of that vicinity;— 


— 

I 1 2 

1 3 ; 4 : 5 

1 ' ' 

D 


0 ! 10 

_-l 

C.uhoiirttc of lime . . , 

C.nb of . . 

0\i(l<‘ of intii and alumina . ' 
Silica and biluineii . . . . 

! 

! i 

.)2 30 5d-5T 
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1 . From C-apri. 2. Valle di Sanibruo, between Minuri and Majiiri. 3. Minuri. 
4. Between Vico and Sorento. 5. Valle di Sambruo. 6. Mon c St. Angelo, Castclla- 
luare. 7. Puiita di Lctterc, Castellamare. 8. Capri. D. Vico. 10. Capri. 









CHAPTER XIX. 


VOLCANOS AND THEIR PRODUCTS CONTINUED. — LAMINATION OF STREAMS OF 
LAVA.— LAMINAE OF SPIIERULKS IN OiiSIDiAN. — COMI‘OSrnON OF VOLCANIC 
ASHES. — VOLCANIC TUFF. — PALAGONITE TUFFS OF ICELAND. — MODIFICA- 
TION OF VOLCANIC TUFF BY GASES AND VAPOUR. — SOLUTION OF PALA- 
GONITE TUFF IN ACIDS.— SOLFATARAS. — THE GEYSERS AND THEIR MODE 
OF ACTION, ICELAND. — SULPHUROUS WATER AND GYPSUM DEPOSITS OF 
ICELAND. — FUSIBILITY OF VOLCANIC PRODUCTS. —FISSURES IN VOLCANOS 
FILLED WITH MOLTEN LAVA. — LAVA EJECTED THROUGH FISSURES. — 
DIRECTION OF FISSURES IN VOLCANOS. 

One kind of lamination observed in igneous rocks has been above 
noticed (p. 328) as due to the elongation and compression of 
vesicles, so that by their extreme llattenlng this structure is pro- 
duced. In the cases of minerals ejected in an unfused state, the 
lava current in which they are included moving onwards, so 
that they would adjust themselves according to their forms and the 
dlfteront velocities of mewement produced by friction against the 
supporting rocks, or any casing of more consolidated portions of the 
molten stream, we might expect a certain amount of arrangement 
in planes, or of lamination to be produced. Mixtures ol‘ substances 
of different kinds may sometimes also be so juxtaposed before ejec- 
tion, that when flowing as a lava current they formed separate 
layers, the tliinner, otlicr circumstances being tlic same, when the 
more elongated.* Looking also to the spherical bodies, commonly 


* Mr. Darwin (Volcanic Islands, p. 70), when describing the Island of Ascension, 
enters largely into the causes of lamination in volcanic rocks, seen there and in 
many other parts of the world. Among other remarks, he concludes “ tliat if, in a 
mass of cooling volcanic rock, any cause produced in parallel pl|pes a number of 
minute fissures or zones of less tension (which, from the pent-up vapours, would 
often be expanded into crenulated air-cavities), the crystallization of the constituent 
parts, and probably the formation of the concretions, would be superinduced or much 
favoured in such places ; and thus a laminated structure of the kind wc are consider* 
iiig would be generated.” 

Tile lamination of molten matter is often well exhibited in the slags which have 
flowed from furnaces, csiKJcially in s(;mc irou-w'orks. 
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formed of radiating crystals of part of the compound, observed 
when glasses arc passing into the stony form (examples of which 
are not unfrcqucntly produced arti(icially), we should anticipate, 
under the circumstances of lava passing into the stony from its 
fluid condition, and movement still prevailing in the mass, that the 
C(X)rmg portions, more especially adjacent to the ground over which 
the whole was passing, miglit sometimes have their parts so acted 
upon tliat planes, composed of little spherules, might be formed ; 
even alternations of them produced as successive portions of the 
fluid lava became exposed to similar conditions. Obsidian is but 
the vitreous state of melted nxjk, and all the conditions obtaining 
when artificial glasses arc passing into the stony state, such as those 
producing separate crystals of certain silicates, and the arrangement 
into spherules, has to be l(K)kcd lor as well in the one as in the 
otlier, the modifications depending on the kind and abundance of 
the (liflercnt silicates, with due regard to the conditions under 
wliicli tlic general mass may have moved or remained quiet. The 
obsidians, in certain volcanic countries, arc especially advantageous 
for studies of this kind, and will well repay the attention of an 
observer.* He will also find examples of lamination in volcanic 
rocks which have passed the vitreous state, or intermixture with 
that state in cooling, and it will be desirable that such, as well as 


* Dr. Daubeny points out (Description of Volcanos, p. 256), with respect to the 
obsidian of Lipari, that “ some of its varieties possess a remarkable resemblance to 
certain products obtained by Mr. Gregory Watt (Philosophical Transactions, 1804) 
during the cooling of large quantities of basalt, an incipient crystallization beginning 
to manifest itself in the midst of the vitreous mass in the appearance of white or 
lighter-coloured spots, which appear to be made up of points radiating from a common 
centre. In many of the Lipari obsidians, however, these round spots are composed 
of concentric ]nminte, and are disposed in general in lines, so as to give a resem- 
blance of stratification to the mass. In other cases, the whole mass is made up of 
globules of this kind, which are hollow internally, and arc sometimes cemented by 
black obsidian.” 

Mr. Darwin gives (Volcanic Islands, p. 54—65) an interesting account of laminated 
volcanic beds alternating with and passing into obsidian at the Island of Ascension. 
After describing these beds, he remarks, that “ as the compact varieties are quite 
subordinate to the others, the whole fhay be considered as laminated or striped. 
The laminfe, to sum up their characteristics, are either quite straight, or slightly 
tortuous, or convoluted ; they are all parallel to each other, and to the intercalating 
strata of obsidian ; they are generally of extreme thinness : they consist either of an 
apparently homogeneous, compact rock, striped with different shades of gray and 
brown colours, or of crystalline felspathic layers in a more or less perfect state of 
purity, and of dtikrcnt thicknesses, with distinct crystals of glassy felspar placed 
lengthways, or of very thin layers chiefly composed of minute crj^stals of quartz and 
aiigite, or composed of black and red specks of an augitic mineral and of an oxide of 
iron, either not crystallized, or imperfectly so.” Mr. Darwin also mentions the 
occurrence of layers of globules or spherulites iu the transition of one class of beds 
into the other, one kind of spherulites white, or translucent, the other dark<^brown or 
opaque, the former distinctly radiated from a centre, the latter more obscurely so. 
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the oWLdians^ ^ould be well examined for evidence either of 
movement while consolidation was being cifected, or for the simple 
and very gradual crystallization of parts during any long period 
which the whole body of rock may have taken to cool.^ In 
such researches the observer will have to recollect, that the top of 
a lava stream is so far differently circumstanced from the lower 
portion, that, while the former is exposed to the atmosphere and all 
its changes, the latter rests upon a bad conductor of heat, so timt 
somewhat modified effects may often be produced, as regards the 
arrangement of the component substances, in the one part and tlie 
other. 

With regard to the cinder and ash accumulations on the sides of* 
volcanos, the adjacent country, and the far-distant regions to which 
the latter may be borne, it would be expected that their clicmical 
composition would be similar to the lavas, for the time, ol' 
their respective volcanos, should any be thrown out, subject ti> such 
modifications as their more complete exposure to the vapours and 
gases rushing out might occasion. We should anticipate that 
during the eruptions of trachytic lavas- the cinders and ashes would 
be likewise trachytic, and so with the other kinds of volcanic rocks. 
Thus, should trachytic have preceded dolcritic eruptions, in any 
localities, the ashes and cinders of the one would have preceded 
the other.t Ashes and cinders being so expensed, particularly the 
former, to be intermingled with, and surrounded by, these volcanic 
vapours and gases, much would depend, as to any modification or 
change in the original mineral substance, upon the time during 
which this action might last, as also upon the kinds of the vapours 

While remarking on the spherulites in obsidians and in artificial glasses, Mr. Darwin 
calls our attention to the observations of M. Dnrtigucs (Journal do Physique, t. lix, 
pp. 10, 12, 1804), on the dithculty of remelting spherulitic and devitrified glasses 
without first pounding them and mixing the whole well together, the separation of 
certain parts from the general compound in the spherules or crystals rendering this 
necessary. 

* In all such researches the slow cooling of a lava stream has to be well considered. 
Dr. Daubeny mentions, that ho found the temperature of the lava stream, ejected 
from Vesuvius in August, 1831, to be 3'JOo Fahr., four months after its outflow, the 
thermometer placed upon the lava, after the scoriae on the surface had been removed. 
Dani ell’s pyrometer gave similar results when introduced into a cavity of the lava 
(Description of Volcanos, p. 229). 

f M. Dufrenoy (Examcn chimique ct microscopique do quelqucs cendres vol- 
caniques ; Memoires pour servir a une Description Gcologique d^a France, t. iv.) 
considers that volcanic ashes are most frequently composed of distin^einerals, therein 
differing from the powder produced by the trituration of rocks, usually formed of the 
union of several minerals. He therefore infers that volcanic ash “is rather the 
result of a confused crystallization, produced under the infiucnco of brisk agitation, 
such as in the saltpetre prepared for the manufacture of guniK)wdcr, than the product 
of the trituration of lavas in volcanic vents, though the ashes, collectively, do not tlic 
less represent the composition of the lava.” 
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and gases to which the ashes or cinders may be exposed. In all 
cases it would be expected that where the cinders and ashes were 
the most abundantly and speedily accumulated, as upon the cone 
or sides of a volcano, the effects arising from an intermixture of 
the acids and vapours with the ashes and cinders would be the most 
considerable. For instance, where hydrochloric acid is much min- 
gled with the ashes and cinders, the whole piled around a crater in 
a hot moist state, such portions as were soluble in that acid might 
be much acted upon. The like also with sulphurous and carbonic 
acids. 

In considering the original composition and subsequent modifi- 
cation which any mass or layers of volcanic cinders may have 
sustained, it is also needful for the observer to search for evidence 
as to the probability of these cinders and ashes having been arranged, 
as now found, either in the air or beneath water, such, for instance, 
as is afforded by the occurrence of shells or other organic remains 
among them,* or by layers of detritus or chemically- deposited 
matter, showing a subaqueous accumulation. Ashes and cinders 
descending into water, and afterwards arranged by it, would pro- 
bably be well washed, so that little change would be effected aftcr- 
waixls by any acids adhering to, mingled with them. 

Tlie term tuff, or tufa, is not uncommonly given to the ash and 
cinder accumulations of volcanic regions. Dr, Abich has given the 
following analyses of the tuff of the Phlcgreaii Fields, Posilippo, and 
the Island of Vivara, the two former being termed trachytic tuff, the 
last basaltic tuff: — 




1 

2 

3 

4 

5 

* 


Silica 

.51-65 

52-80 

54-41 

54-57 

56-63 

1 

45-50 

51-08 

Alumina .... 

15-08 

15-83 

15-40 

17-93 

15-33 

16-05 

13-71 

Oxide of iron 

6-21 

7-57 

7-74 

5-49 

7-11 

11-69 

13-16 

Lime 

5-43 

3-13 

3-17 

0-77 

1-74 

5-03 

7-09 

Magnesia .... 

1-18 

0-84 1 

1-50 

0-77 

1-36 I 

3-20 ; 

4-72 

Potash .... 

6-19 

7-86 

7-54 

5-23 

6-54 

4-12 i 

2-94 

Soda 

1-01 

2-90 ! 

2-87 

6*40 

4-84 

2-28 j 

2-94 


1. Yellow tuff, from Wola. 2. Yellow tuff, from Posilippo. 3. White tuff, from 
Posilippo, 4. Tuff, from Kpomoco. 5. From the crater of Moute Nuovo. 6. Yellow 
tuff, from the Island of Vivara. 7. Grey tuff, from Vivara.f 


* So long siiill as the time of Sir William Hamilton, shells were detected in the 
tuff of the vicinity of Naples. They have also been noticed in other localities in that 
vicinity, and are described as those of species still living. 

t Mr. Dufreiioy (Memoires pour servir a uno Description Gcologique de la France, 
t. iv., p. 384) observes, that tlio tuffs of Posilippo, Pompeii, and Ischia (the two former 
analysed by M. Bcrthicr, the last by himself), present nearly the same general 
characters, with the exception of that of Pompeii, which contains nine per cent, ot 
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Looking at the varied manner in which ashes and cinders may 
be accumulated, cither wholly in the atmosphere or beneath water, 
to' the substances with which they have been mingled in the crater 
of a volcano, and which may more or less coat or impregnate them 
afterwards, and to the infiltrations through beds and masses of them 
subsequently to their deposit, either adding to, abstracting from, or 
modifying the arrangement of their component substances, we 
should expect that at times even very solid rocks may be produced, 
at first sight presenting little of the aspect of an accumulation of 
fine powder and cinders. Mr. Dai'vvin describes a tuff, apparently 
of this kind, at Chatham Island (Galapagos Archipelago), one evi- 
dently formed at first of cinders and ashes, but now having a 
somewhat resinous appearance resembling some pitelistones. lie 
attributes this alteration to “ a chemical change on small particles 
of pale and dark-coloured scoriaccous rocks ; and tliis change could 
Ix) distinctly traced in different stages, round the edge of even the 
same particle.”* 

In Iceland, a tuff apparently also in a changed or modified con- 
dition from that of its original accumulation, and named palagonite- 
tuff,f would seem to be of much importance. According tc^ 
Professor Bunsen (of Marbourg), the palagonitc-tuff of Iceland has 
a density of 2*43, and contains nearly 17 per cent. ol‘ combined 


carbonate of lime, a substance which he infers was infiltrated, adding weight to the 
opinion, that the entombment of Herculaneum and Pompeii was produced by an 
alluvion of the tuff forming the flanks of Monte Somma, water having greatly aided 
the filling up of the edifices in the two towns. Hemarking on the trnchytic tuff of the 
Phlegrcan Fields, Dr. Daubeny observes (Description of Volcanos, p. 16), that the 
analysis of it proves that, “ like pumice, it is only a metamorphosed ctmdition of 
trachyte.” He considers tuff, pumice, and obsidian, as all modifications of the same 
basis, the tw’o former containing “ water chemically combined, namely, — yellow tulF, 
three atoms ; white tuff, two atoms ; pumice, one.” “ Now lava,” he continues, 
although commonly accompanied at the time of its eruption by abundance of 
steam, and containing, even for several months afterwards, cntangletl with it a large 
quantity of this and other volatile matters, holds no water in chemical combination, 
so that the fact with respect to tuff and pumice show's, that these formations have 
been placed under circumstances of another kind than those of molten lavas.” 

♦ Volcanic Islands, p. 99. Mr. Darwin describes this tuff, where best charac- 
terized, as “of a yellowish-brown colour, translucent, and with a lustre somewhat 
resembling resin ; it is brittle, with an angular, rough, and very irregular fracture, 
sometimes, however, being slightly granular, and even obscurely crystalline ; it can 
easily be scratched with a knife, yet some points are hard enough just to mark 
common g4ss; it fuses with case into a blackish-green glass. The mass contains 
numerous broken crystals of olivine and augite, and small partllles of black ami 
brown scorise : it is often traversed by thin scams of calcareous matter. It generally 
effects a nodular or concretionary structure. In a hard specimen, this substance 
would certainly be mistaken for a pale and peculiar variety of pitchstone ; but when 
seen in mass, its stratification, and the numerous layers of fragments of basalt, both 
angular and rounded, at once render its subaqueous origin evident.” 
t From Palogonia, in Sicily, where a similar tuff is found. 
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water. The following is the composition assigned to this rock by 


him : — 

Silica 37-947 

i^esqui-oxide of iron 14*751 

Alumina 11*619 

Lime 8*442 

Magnesia 5*813 

Potash 0*659 

Soda 0*628 

Water 16*621 

Residue 4*108* 


It will be obvious, that in volcanic-tuff accumulations much will 
depend, as respects subsequent modification and change, upon any 
foreign matter with which they may be mixed, so that when, as 
beneath water, calcareous matter (often, perhaps, derived through 
animal life,) as well as clay or other fine sediment, not directly de- 
rived from volcanic eruptions, is mingled with them, and the whole 
is heated or raised above the water, effects would be produced not 
precisely corresponding with those where the modifying action has 
been alone exercised upon the direct products of volcanos. Tuffs 
of this kind can scarcely but be often formed, and their examination 
in connexion with volcanos now in action, or which, geologically 
speaking, have recently been in that state, will be found important 
as explaining the origin of certain mixtures of igneous and sedi- 
mentary rocks, even amid very ancient deposits. 

In regions, such as Iceland, where volcanic action is widely 
spread amid its mineral products rising above the level of the sea, 
and where modifications due to the action of vapours and gases 
passing through lava streams, cinders, and ashes, may be so great, 
there woulS appear good evidence of the changes to which such 
mineral products may be exposed. Professor Bunsen has pointed 
out 'several which he considers to be now in progress in Iceland. 
‘'The Icelandic mineral springs,” he remarks, “ to which belong all 
the systems of geysers and suffiones, are distinguished from all 
others in Europe by the proportionally large quantity of silica which 
they contain ; and, if we except the acidulous springs which are 
confined to the western part of the island, the so-called beer-springs 
{dlkilder) of the natives, we may divide the springs of Iceland into 

* On the intimate connexion existing between the pseudo^volcanic phenomena of 
Iceland: — A MemM^ translated by Dr. G. E. Day, Chemical Reports and Memoirs, 
Works of the Cavendish Society, 1848. From the chemical composition noticed, 
Professor Bunsen derives the formula — 

Mg 3 
Ca3 
k3 
Na3 

2 B 


Sig •¥ 2 


1 Fe 

\ ... Si + H. 
I A1 
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two main groups, according to their chemical properties, one of 
which would comprise the acid and the other the alkaline silica 
springs.” 

Whether the water of these springs has been derived directly 
from the atmosphere by means of rain, or melted snow and ice, or 
from sea-water finding its way to the interior of volcanos, tlic 
aqueous vapours thence thrown off being condensed in their rise 
upwards, to it and to the substances with wliicli it can mingle, we 
have to refer many modifications which evidently take place in tlic 
mineral matter through which it passes. The experiments insti- 
tuted on this subject, and the conclusions deduced from them, and 
from a personal examination of the springs of Iceland, by Professor 
Bunsen, are highly valuable. With respect to the action of pure 
heated water alone for some hours upon the palagonitc-tulF above 
noticed, he found that at the temperature of 212^ Fahr. (100^ cen- 
tigrade) or 226® 4 (108® cent.,) silicic acid, potash, and soda, were 
dissolved.* When the water was saturated with carbonic acid, 
and allowed to act upon pulverized palagonite, all the constituents, 
with the exception of alumina and oxide of iron, were dissolved in 
the form of bi-carbonates, f When the palagonite was heated for 
ten hours, in water saturated with sulphuretted hydrogen, sulphide 
of iron was formed, and the solution contained silica and the sul- 
phides of calcium, magnesium, sodium, and potassium.J Pala- 


♦ Cavendish Society’s Works; Chemical Reports and Memoirs, 1848, p. 364. 
“ 1,000 grammes of water after 12 hours’ digestion yield, in this manner, a solution 
containing the following proportions ; — 

Grammes. 

Silica .... 0*03716 


Soda 0-00824 


Potash .... 0-00162 


Total 

0-01702” 

t “ 1,000 grammes of this water, after four hours’ digestion, yielded 

constituents : — 

Grammes. 

Silica .... 

0' 09544 

Bi-carbonate of lime . 

0-16893 

, , magnesia . 

0*053a3 

,, soda . 

0-06299 

, , potash 

0-00189 

Total . 

0-38368” 

^ The solution contained, for 1,000 grammes:— 

Grammes. 

Silica ..... 

0-1175 

Sulphide of calcium 

0-2748 

, , magnesium 

0-0727 

, , sodium 

0-0438 

, , potassium . 

0*0410 


the following 


Total 


0-5498 
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gonite was found to be ^‘entirely dissolved in hydrochloric and 
sulphurous acids, except a small quantity of sili^ left as a residue.”^ 
Thus many and great modifications and changes may be effected 
in this variety of volcanic tuff ; pointing to those which may take 
place in other volcanic regions, the results in each depending on 
local conditions. 

In many districts, as well those in some portions of which 
volcanic action is now well exhibited, as in those where it is be- 
coming extinct, as far as respects the ejection of molten rock, 
cinders, and ashes, discharges of aqueous vapours are effected ; 
sometimes alone, at others accompanied by some of the usual 
volcanic gases. 

Some mention has already been made (pp. 15 and 18,) of thermal 
or warm springs found to rise as well in regions not marked by 
volcanic action on the surface as in those where that action is now 
apparent, or may be inferred to have existed at no very distant 
geological period. f In some volcanic countries the various modifi- 
cations under which aqueous vapour, and the gases connected with 
volcanic action arc emitted, can be well studied. The observer can 
readily suppose that while in the great eruptions these arc so driven 
off as to have effected little combination while in the crater, minor 
action would leave sufficient time for the condensation of the 
aqueous vapour Into water, and the combination of the latter with 

* “ Wo sec,” observes Professor Bunsen, “ from the relations existing among these 
salts themselves (alluding to those mentioned in the text and previous notes), and 
with the silica, that the constituents of palagonite take very different parts in the 
decomposition which is induced by hot water, carbonic acid, and sulphuretted hydrogen 
respectively ; whilst, as we have already seen, this mineral is entirely dissolved in 
hydrochloric and sulphurous acids, except a small quantity of silica left as a residue. 
The alkaline siliceous springs, in which there is a smaller quantity of this volcanic 
gas, assume, consequently, a very different character from the waters of the suffiones; 
since it is evident, that the composition of the water and the nature of the argillaceous 
deposits produced from these actions, must stand in a definite relation to the greater 
or smaller resistance opposed by the separate constituents of palagonite to the 
action of the weaker volcanic acids, that is to say, to the water, carbonic acid, and 
sulphuretted hydrogen gas.” .... “When the alkaline silicates, removed 
by the heated water from the palagonite, are brought into contact with carbonic, 
hydrochloric, ajid sulphuric acids (tlio latter of which is formed by the oxidation of 
the sulphurous acid through the oxide of iron in the palagonite), these alkalies must 
be converted into carbonates, sulphates, and chlorides, whilst the silicic acid remains 
dissolved in the alkaline carbonates and in the w'ater, and is partially separated 
from them by eyaporation, as siliceous tuff,— a fact already observed by Black in 
1792.” 

t While noticing the dispersion of hot springs, and their issue from all kinds of 
rock, Humboldt (Kosmos) mentions that the hottest permanent springs yet known are 
those discovered by himself, “ at a distance from any volcano— the ‘ Aquas calientes 
dc las Trincheros,’ in South America, between Porto Cabello and New Valencia ; and 
the * Aquas de Comanzillas,’ in the Mexican territory, near Guanaxuato.” The first 
of these has a temperature of 97° centigrade (206° 6' Fahr.), according to M. Bous- 
singault, who visited this spring in 1823. 

O o 
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volcanic gases, the whole acting upon the rocks through which it 
has to pass, abstracting matter from them as above noticed. 

The Solfatara, near Puzzuoli, has long been known in the 
volcanic region of Naples, from the emission of aqueous vapour and 
certain gases, manifesting a kind of subdued volcanic action un- 
accompanied by the ejection of lava, cinders, or ashes.* * * § Dr. Dau- 
beny found the gas evolved to be sulphuretted hydrogen, with a 
minute portion of muriatic acid.t Solfataras, or modifications ol‘ 
them, are noticed as existing in many volcanic regions in different 
parts of the world. Professor Bunsen has shown the connexion of 
the solfataras of Iceland (the Ndmar of the Icelanders), with the 
acid springs of that country. He remarks that they “ owe their 
slight acid reaction more commonly to the presence of a small 
quantity of ammonia-alum, or soda, and potash-alum, than to their 
inconsiderable traces of free sulphuric or muriatic acids.’*J 

While such springs in Iceland thus illustrate the condensation of 
some of the aqueous vapours, mixed with gases discharged in that 
volcanic region, the Geysers also well illustrate that of the aqueous 
vapours under other conditions. Allusion has been previously 
made (p. 15) to those long celebrated discharges of steam and 
water, the Geysers, and to siliceous deposits from them. According 
to Professor Bunsen, the thermal group to which the Geysers be- 
long, occurs southward from the highest point of Hecla, and about 
20 geographical miles from it. Their main direction is about 
N. 17® E., “ almost parallel with the chain of Hecla, and with the 
general direction of the fissures.” Tlie rock beneath the incrust- 
ations of the springs is palagonite-tuff, a vein of clinkstono running 
lengthwise from the western margin of the springs. The following 
are analyses by Dr. Sandberger and M. Damour, of the water of the 
Great Geyser : — § 


* An ancient lava current, of a trachytic kind, is supposed to bo traceable from 
the mountain to the sea. 

t “Description of Volcanos,” p. 211. After pointing out the probable effects of 
the two gases upon the trachyte of the mountain, the sulphuretted hydrogen uniting 
with the bases of the several earths and alkalies, and its consequent decomposition, 
Dr. Daubeny accounts for the absence of muriatic compounds with these bases, by 
noticing that, “ if they existed they would be immediately decomposed by the sul- 
phuric acid generated ; and that muriatic acid itself is incapable per se of decom- 
posing trachyte, except it be concentrated, and the rock pounded, ai shown from the 
fact of its continuance during so many ages in the domite of Auvergne in a free 
condition.” 

X Cavendish Society Works; Chemical Memoirs and Reports, 1848, p. 327. 

§ The cause assigned by Professor Bunsen for the alternate states of repose and 
activity of this great natural fountain, is very different from that usually inferred. 
By very careful experiments by M. Descloizeaux and himself, it was ascertained, 
I, “ Tliat the temperature of the column of the Geyser decreases from below upwards, 
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Sandberger. 

Damoiu. 

Silica ...... 

. 0-.5097 . 

. 0*5190 

Carbonate of soda . . 

. 0*1939 . 

. 0*2567 

Carbonate of ammonia 

. 0*0083 . 

. . . 

Sulphate of soda . . 

. 0*1070 . 

. 0-1342 

Sulphate of potash . . 

. 0*0475 . 

. 0*0180 

Sulphate of magnesia . 

. 0*0042 . 

. 0*0091 

Chloride of sodium. . 

. 0*2!S2l . 

. 0*2379 

Sulphide of sodium. . 

. 0*0088 . 

. 0*0088 

Carbonic acid . . . 

. o-o.w . 

. 0*0468 

Water 

. . . . 

.998*7695 


Not only do the vapours and gases escaping from volcanic vents 
decompose, under variable conditions, the rocks through which they 


as had already been shown by Lottin and Robert. 2. That, setting aside small dis- 
turbances, the temperature goes on increasing regularly at all points of the column 
from the time of the last eruption. 3. That the temperature in the unmoved column 
of water did not, at any period of time up to a few minutes before the great eruption, 
reach the boiling-point that corresponds to the atmospheric and aqueous pressure at 
the point of observation ; and 4. That it is at mid-height in the funnel of the Geyser, 
where the temperature approaches nearest to the boiling-point, corresponding to the 
pressure of the column of water, and that it approaches nearest to this point in 
proportion to the approximation of the period of a great eruption.” Diagrams are 
given in illustration, and indeed are almost necessary to the view taken. It may, 
liowever, be stated, that there is a constant addition of heated water below in the 
tube or funnel, and an evaporation of the water above, and that the whole is in such 
a condition that every cause that tends to raise this column of water only a few 
metres would bring a large portion of it into a state of ebullition. Vapour is gene- 
rated, and it is calculated that an excess of 1° (centigrade) over the corresponding 
boiling-point of the water, “ is immediately expended in the formation of vapour, 
generating in the present case a stratum of vapour nearly equally high with the 
stratum of water 1 metre in height. By this diminution in the superincumbent water 
a new and deeper portion of the column of water is raised above the boiling-point ; a 
new formation of vapour then takes place, which again occasions a shortening in the 
pressing liquid strata, and so on, until the boiling has descended from the middle to 
near the bottom of the funnel of the Geyser, provided always that no other circum- 
stances haye more speedily put an end to this process.” 

It appears from these considerations, that the column of water in the funnel of 
the Geyser extending to a certain distance below the middle, is suddenly brought into 
a state of ebullition, and further, as may be shown by an easy method of computation, 
that the mechanical force developed by this suddenly-established process of vaporiza- 
tion is more than sufficient to raise the huge mass of the waters of the Geysers to 
that astounding elevation which imparts so grand and imposing a character to these 
beautiful phenomena of eruption. The amount of this force may easily be ascertained 
by calculating from the temperature of the preceding experiments (those above 
alluded to), the known latent and specific heat of the aqueous vapour, and the height 
of the column of vapour, which w’ould be developed by the ascent, to the mouth of 
the Geyser, of a section of the column of w’ater. If wc designate the height of 
such a column of water in the funnel of the Geyser by h ; its mean temperature 
expressed in centesimal degrees by t ; the latent heat of the aqueous vapour by w ; 
the density of the latter compared with that of the water by s ; and the co-efficient of 
the expansion of the vapour by <i*, we shall find that fhe excess of heat of the water 
above the boiling-point under the pressure of one atmosphere is t 100. But the 
height A, of the section of the column of water, which at the mouth of Uie Geyser, 
that is to say, under the preSsure of one atmosphere, would be converted into vapour 
by the quantity of heat, t - 100, would be to the whole height of tlie w'ater column A, 

as (t - 100) : w, A column of water of the height ~ would therefore be eva- 
porated at the moan temperature /, if the water were under the pressure of one 
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rise or against which they may he driven in the atmospherei and often 
the latter extends to some distance from the place of escape (well 
shown in the case of winds prevailing in particular directions), but 
deposits of different kinds are effected, thrown down from the 
waters containing tliem. Professor Bunsen has carefully investi- 
gated the well-known siliceous deposits from the Geysers of Iceland, 
Referring to the analysis of the water of the Great Geyser, above 
mentioned, and remarking that the silica is dissolved in the water 
by alkaline carbonates, and in the form of a hydrate, he observes 
that “ no trace of silica is precipitated on the cooling of the water, 
and it is only after the evaporation of the latter that silica is de- 
posited in the form of a thin film on the moistened sides of the 
vessel where evapciration to dryness takes place, whilst the fluid 
Itself is not rendered turbid by hydrated silica until tlie process 
of concentration is ftir advanced.” Professor Bunsen then points 
out, that, in consequence of these circumstances, the incrustations 
increase in proportion as the surface of evaporath)n expands with 
the spread of the water.* 

The same land presents us with other deposits from waters and 


atmosphere. Hence it directly follows, that the height H, of the column of vapour 
sought at 100^ (centigrade) and 0*76 metre (29 ’921 English inches) will be 
H = ^ - 100) ( 1 ■» 10 0 d) 

W 8 

On applying this formula to the value of the numbers found by observation, wc 
obtain the remarkable result that, in the period of time immediately preceding an 
eruption, a column of water of only 12 metres (39 feet 4*442 in. English) in length, 
which projects 5 metres (16 feet 4 • 8ol inches English) to 17 metres (55 feet 9 * 294 inches 
English) above the base of the tube, generates for the diagonal section of the Geyser, 
a column of vapour 638*8 metres (2093 feet 2*245 inches English) in height (assumed 
to be at 100*^ centigrade, and under the pressure of one atmosphere), this column 
being developed continuously from the upheaved mass of water, as the lower strata 
reach the mouth of the Geyser. The w'hole column of the Geyser, reckoned from the 
point where the temperature amounts to 100^ centigrade down to the base, is capable, 
according to a calculation of this kind, of generating a similar column of vapour, 
1041 metres (3,415 English feet) in height.” — Bunsen, On the intimate connection 
existing between the Pseudo- Volcanic Phenomena of Iceland ; Works of the Cavendish 
Society, Chemical Reports and Memoirs, pp. 346 — 349. 

* Chemical Reports and Memoirs; Works of the Cavendish Society, 1848, p. 344. 
Professor Bunsen remarks, that the peculiar forms of the Geysers result from certain 
conditions. “ As,” he observes, “ the basin of the spring has no part in this incrusta- 
tion, it becomes converted into a deep tube as it is gradually inclosed by a hillock of 
siliceous tuff, combining, when it has reached a certain height, all the requirementB 
necessary to convert it into a Geyser. If such a tube be narrow, and be filled with 
tolerable rapidity by a column of water strongly heated from below by the volcanic 
soil, a continuous Geyser must necessarily be produced, as we find them in so many 
parts of Iceland. For it will easily be understood that a spring, which originally did 
not possess a higher temperature at its mouth than that which would correspond to 
the pressure of the atmosphere, may easily, when it has been surmounted by a tube, 
formed by gradual incrustation, attain at its base a temperature of upwards of 
1000° centigrade (212° Fahrenheit), owing to tlie pressure of the fiuid resting in the 
tube.” 
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gaseous emanations, of importance geologically, showing some of thh 
modes in which mineral matter may be accumulated or disseminated* 
Here again the researches of Professor Bunsen supply us with valu- 
able information. He points out that the acid silica springs, besides 
inconsiderable traces of hydrochloric and sulphurous acids, and 
small quantities of ammonia-alum, or potash and soda-alum, contain 
sulphates and chlorides of calcium, magnesium, sodium, potassium, 
and iron, also silica and sulphurous acid, or in the place of the latter, 
sulphuretted hydrogen gas. They are especially characterised by 
deposits of gypsum and sulphur. Professor Bunsen found the com- 
position of the water, in 10,000 parts, taken from the Reykjahlider 


solfatara, in August, 1846, to be : — 

Sulphate of lime . . 1*2712 

Sulphate of magnesia 1*0662 

Sulphide of oxide of ammonium ... 0* 7333 

Sulphate of alumina 0* 3261 

Sulphate of soda ........ 0*2674 

Sulphate of potash 0* 1363 

Silica 0*4171 

Alumina* 0*0537 

Sulphuretted hydrogen 0*0820 

Water 9995*6467 


The clay and gypsiferous accumulations resulting from these 
waters, or rather from the general action of their constituent parts 
upon the rocks traversed by them, and upon each other, possess 
much interest. The palagonitc-tuff is decomposed, and clay, often 
variegated in colour, is deposited, and sulphate of lime is also 
formed. The gypsum occurs as isolated crystals, and “ in connected 
strata and floor-like depositions, which not unfrequently project as 
small rocks, where the loose soil has been carried away by the action 
of the water. These depositions are sometimes sparry, corresponding 
in their exterior very perfectly with the strata of gypsum so fre- 
quently met with in the marl and clay formations of the trias.”t 


* It is remarked respecting the alumina, the small quantity of which brings it 
within the limits of the errors incidental to the experiment,’* that it may have been 
dissolved in excess by the alum of the water.— Chemical Reports and Memoirs, 1848, 
p. 332. 

t Bunsen, Works of the Cavendish Society, Chemical Reports and Memoirs, 1848, 
p. 336. “ Their deposition,*’ the Professor adds, “ is owing to the fact that has not 
hitherto been sufficiently regarded in the explanation of geological phenomena, viz. : — 
that substances crystallizing from solutions are more readily deposited on a surface 
identical with their own (although at a considerable distance from the limits of their 
solubility), than on substances different from themselves. These depositions of 
gypsum increase, therefore, in these formations, in the same manner as we observe 
small crystals to enlarge in a solution, without any deposit being formed on the sides 
of the vessel ; much salt being removed from the solution (not by a change of tem- 
perature, but owing to the cohesive force emanating from the crystal), so that no 
further deposit can be made on the particles of bodies of a different nature. The 
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t 

la the day depodts fiom the Icelandic fiimeroles iron pyrites is 
found in small crystals, mentioned by Professor Bunsen, as often 
very beautifully developed.^* The sulphur accumulations of Ice- 
land, the Professor attributes to the same cause, as Dr. Daubeny 
does generally (p. 324 ), namely, the reciprocal reaction of 
sulphurous acid and sulphuretted hydrogen gas. 

With regard to the presence of nitrogen, ammonia, and their 
compounds, so frequently observed in connexion with volcanic 
action, opinions seem somewhat divided : while some consider that 
the nitrogen is actually evolved from the craters and other volcanic 
vents, part, perhaps, of the air disseminated in water finding its 
way to volcanic foci, others infer that ammoniacal products, found 
in connexion with volcanos, have had a different origin. Dr. Dau- 
beny, treating of volcanic action, remarks : — “ Nor is the access of 
atmospheric air to volcanos more questionable than that of water ; 
so that the appearance of hydrogen united with sulphur, and of 
nitrogen, either alone or combined with hydrogen, at the mouth of 
the volcano, seems a direct proof that oxygen has been abstracted 
by some process or other from both.’’* On the other hand. Professor 
Bunsen seems disposed to consider the sublimations of muriate of* 
ammonia as due to the overflow of vegetation by lava currents, at 
the same time referring to nitrogen and its compounds, and to their 
being scarcely ever absent from volcanic exhalations, adding that 
“ they undoubtedly belong originally to the atmosphere, or to organic 
nature, their occurrence being due to the water which holds them 
in solution and conveys them from the air to the subterranean 
depths/’f If we assume that water from the atmosphere, or sea. 


process of crystallization here comes within the domain of mechanical forces, since it 
causes, by the expansive growth of the layers of gypsum, the upheaval of the moist- 
ened clay deposit, or compresses it towards the exterior, as the first-named masses 
increase in quantity.” 

♦ Daubeny, Transactions of the British Association for the Advancement of 
Science, vol. v., for 1837, and Description of Volcanos, 2nd edition, 1848, p. 

t Psuedo-Volcanic Phenomena of Iceland, p. 330. “ In July, 1816,” observes 
Professor Bunsen, “ only a few months subsequent to the eruption of the volcano 
(llecla), when I was sojourning in that district, the lower portion of the lava stream 
appeared studded over with smoking fumeroles, in which so large a quantity of 
beautifully-crystallized muriate of ammonia was undergoing a process of sublimation, 
that, notwithstanding the incessant torrents of rain, hundreds of pounds of this 
valuable salt might have been collected. On surveying the stream from the summit 
of Hecla, it was easy to perceive that the formation of muriate of ammonia was limited 
to the zone in which meadow lands were overflowed by the lava. Higher up, where 
even the last traces of a stunted cryptogamic vegetation disappear, the formation of 
this salt likewise ceased. The large fumeroles of the back of the crater, and even of 
the four new craters, yielded only sulphur, muriatic and sulphuric acids, without 
exhibiting the slightest trace of ammoniacal products. When we consider that, 
according to Boussingault, an acre of meadow land contains as much as 32 pounds of 
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more or less contcdning air (p. 145)» does find a pataige into vo}*- 
canos or their foci, it may not be improbable that both causes can 
contribute to the effects recorded. 

It will have been seen that volcanic products are, as a mass, easily 
melted, notwithstanding that, during times when the particles of 
matter could freely adjust themselves in a definite manner, cer- 
tain mineral bodies were formed of a less fusible character, and that 
from the decomposition of ejected lava, cinders, and ashes, certain 
other substances are produced, such as siliceous and purer ar^l- 
laceous deposits of a more refractory kind. Looking, however, at 
the mass of matter, it continues readily fusible, whether partaking 
of the trachytic or doleritic character, or of a mixture of both. 
Sheets of trachytic or doleritic tuff could be easily acted on by 
heat, so that even altered as they may have been previously, a 
considerable area, if a sufficiently-elevated temperature could be 
applied to it, would begin to yield, rising upwards if any elevatory 
force were acting from beneath, a fracture finally being effected, so 
far as any sufficient coherence of parts remained, where the resist- 
ance became unequal to the force employed. 

That volcanic action does work through points, however these 
may be complicated, as from time to time changed, volcanic craters 
show, and that it has at least sometimes continued to find vent 
through the same points, or thereabouts, for long periods, is not 
only attested by volcanos which have been observed during the 
historic period, but also by those to the products of which, inter- 
mingled with other accumulations, geological dates may be assigned. 

That the temperature of volcanos may- even change externally, 
so that snows reposing upon them at one time are suddenly melted 
from them at another, we have evidence both in high northern 
latitudes (Iceland) and in tlie warm regions (Cotopaxi). Volcanic 
products being, like rocks generally, bad conductors of heat, these 
changes arc sufficient to show the variable amount of temperature 
to which portions, at least, of volcanic mountains may be exposed 
from changes in the conditions to which it may be due. That the 


nitrogen, corresponding to about 122 pounds of muriate of ammonia, we shall hardly 
be disposed to ascribe these nitrogenous products of sublimation in the lava 
currents to any other circumstance than the vegetation vrhich has been destroyed by 
the action of the fire. The frequent occurrence in Southern Italy of tuff decomposed 
by acid vapours containing muriate of ammonia, likewise confirms the hypothesis 
regarding the atmospheric origin of this salt. For the same body of air which can 
annually convey to a piece of meadow land a quantity of ammonia corresponding to 
these large nitrogenous contents, must at least be capable of depositing an equal 
quantity of alkali on fuff-beds saturated by acid water ; which may be actually 
observed in some rare instances both in Southern Italy and Sicily.” 
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layers and variably-shaped masses of substances composing volcanos, 
no matter how accumulated, have been exposed to tension and sub- 
sequent fracture, is proved by the rents in them which have been 
filled by molten matter. In the view beneath (tig. 120), in the 

Fig. 126. 



Val del Bove, Etna,* cxliibiting the now hard lava protruding from 
that weathering which the whole has experienced from atmospheric 
influences, we sec that the original volume of the previously- 
deposited volcanic produots has been increased by the amount of* tlic 
molten matter so introduced. The following section (fig. 127)> 


Fig. 127. 











a b c d f 

showing the same thing, is not unfrequent amid volcanic craters 
and ravines. In it, e f represent a thickness of volcanic tuff or 
lava layers, traversed by dykes (as they are termed), a b c d,oi lava 
which has entered fissures made by the rupture of the beds e/, 
the force acting from beneath, so that while, for the length seen, 
some fissures have their walls equidistant from the top to the bottom 


* Takea from Dr. Abich’s “Views of Vesuvius and Etna.’ 
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<>1 the section, at a and c they diminish upwards. In all these 
cases, the laye rs or beds are not disturbed further than by fracture, 
those on eithi r side of the dykes preserving their continuous lines 
of original accumulation. This need not always be the case, as will 
be readily inferred, since after a fracture is made, should the liquid 
or viscous lava rise with much force from considerable pressure of a 
column of molten rock with which it may be connected, with a 
comparative cooling of the upper part of the lava as it rose, in- 
creasing the solidification of the particles, the upper layers of tuff 
or lava broken through may be heaved upwards by the firiction of 
the uprising lava, this even overflowing, as appears to be frequently 
the case. Of this kind the section beneath (fig. 128), taken from 
a view by Dr. Abich, of a dyke exposed by the fall of part of the 
crater of Vesuvius, is probably an instance. 

Fig. 128. 



The observer has next to consider the magnitude and direction 
uf these fissures. Perhaps volcanic islands, such as those in the 
Atlantic and Pacific, are as favourable situations for studying vol- 
canic fissures as arc to be found, not, however, that great facilities 
do not present themselves elsewhere.* The rent or scries of rente 
which traversed the side of Kilauca, during the ejection of lava in 
1840, is not only remarkable for its length, but also for the com- 


* Respecting the Hawaiian group, Mr. Dana, (Geology of the United States* 

Exploring Expedition, p. 282), infers 1. That there were as many separate rents or 
fissures in the origin of the Hawaiian Islands as there are islands. 2. That each rent 
was widest in the south-east portion. 3. That the south-easternmost rent was the 
largest, the fires continuing there longest to burn. 4. That the correct order of 
extinction of the great volcanos is nearly as follows (leaving out Molokai and Lanai, 
which were not visited by Mr. Dana) — a, Kauai; 5, Western Oahu; c, Western 
Maui, Mount Eeka; </, Eastern Oahu; e, North-western Hawaii, Mauna Kea; 
/, South-east Maui, Mount Hale-a-Kala ; and g. South-east Hawaii, Mauna Loa. 
“ This order,** he observes, “ is shown by the extent of the degradation on the surface. 
Each successive year, since the finishing of the mountain, has carried on this work of 
degradation, and the amount of it is, therefore, a mark of time, and affords evidence 
of the most decisive character.” (p. 283.) 
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parala vely tranquil manner in which it was effected, the inhabitants 
not being aware of its formation by any earthquake motion, but 
from finding a torrent of liquid lava poured out.^ Fissures so pro- 
duced would seem to point to much softening of the subjacent 
rocks, so that when fractures were formed, though many miles in 
length, comparatively little resistance, from cohesion, remained in 
the rocks. From an examination of Maui (Hawaiian group}, 
Mr. Dana infers that at its last eruption, a huge segment of that 
volcano must have been broken off, by which two great valleys 
were formed (one two miles wide), through which great opening the 
lavas were poured out.-|* Here would appear to have been far 
greater resistance and a more sudden overpowering of it by the 
force exerted. According to the accounts given, fTi>: ullo was the 
result of an uprise of ground, finally traversed by a fissure 
(p. 346). With respect to fissures traversing active volcanos from 
which lava has issued, there is abundant evidence. The great out- 
flow of lava from Skaptar-jokull, in 1783 (p. 344), was from 
fissures at the base of the mountain. Great fissures have been 
made in Etna, and the numerous subordinate craters seem little 
else than points in those formed at various times through wliicli 
volcanic matter has been ejected.]; Eespecting the fissures on 
Etna, M. Elie de Beaumont remarks, that they occur, for the most 
part, in nearly vertical planes, often so cutting the crater, as it were, 
to star it, the lower part of the fissures usually filled with lava, the 
higher with scoriae, and with pieces of tuff and lava fallen from the 
upper part. He mentions that the fissure formed in 1832, was 
so far a shift, or fault, that one of the sides of the dislocation rose 
about a yard higher than the other, § The great fissure, which in 
1669 traversed the slope of the great gibbosity of Etna and the 
Piano del Largo, is described as having ranged from near Nicolosi 
to beyond the Torre del Filosofo, and to have been about two yards 
wide at the surface, a livid light being emitted from the incan- 
descent lava rising in it.|| An observer should carefully ascertain 
the directions of such rents or fissures whether large or small, and 


♦ Dana, “ Geology of the United States' Exploring Expedition,” p. 217. 
t Ibid, p. 259. 

X It is stated that there are 52 of these subordinate volcanic hills on the west and 
north of the summit of Etna, and 27 on the east side ; “ some covered with vegetation, 
others bare and arid, their relative antiquity being probably denoted by the progress 
vegetation has made upon their surface.” — Daubeny, Volcanos, 2nd edition, p^272, 

§ Recherches sur la Structure et sur I’Originc du Mont Etna, par M. I.. Elie do 
Beaumont ; ** Memoires pour servir a une Description Geologique de la France,” 
1838, t iv., p. 111. 

II Ibid. p. 108. 
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always with reference to the complication which may arise fix>m 
variable resistances, even in the prolongation of the same fissures, 
to the force employed, seeing especia% if the greater fi:actures 
have continued to preserve any definite directions at different in* 
tervals of time. 

M. £)lie de Beaumont has called attention to the &ct that these 
fractures so often starring Etna, and into which the molten lava is 
introduced, there hardening and remaining, must produce a tume- 
faction or elevation of the whole, each eruption of the mountain, so 
characterized, having a tendency to elevate the mass of the volcano.* 
The same reasoning is applicable to all volcanos rent and fissured 
in a similar manner, and the abundance of the resulting dykes of 
lava is often a prevailing feature in many. They are sometimes in- 
terlaced so as to show differences in date, hose of one time cutting 
tliosc of another, exhibiting proofs of repeated fractures through the 
same general mass of volcanic matter. 

In examining some volcanic regions, the observer will have to 
consider, as above noticed (f). 323), the probable differences which 
would arise in the structure and arrangement of* the accumulations 
from a part or the whole of them having been produced beneath 
water. At considerable depths in ^^he ocean, beyond those at which 
an equal temperature of 39°*5 (p. 96) would appear to prevail, not 
only the pressure but also the constancy of that temperature and 
the mass of water possessing it have to be borne in mind. As- 
suming a communication made, whether by an elevation of the sea- 
bottom and the bursting of a tumefaction formed by forces acting 
from beneath, or by one of those adjustments of the earth’s surface 
by which more or less considerable fractures are produced, he will 
have to recollect that a gieat volume of water, with a low tem- 
perature, would be at once brought to bear upon it, and that not 
only are the usual volcanic gases absorbed by water, but tliat the 
very pressure itself might tend to drive them into the liquid state. 

It would be out of place here to enter into the probable effects pro- 
duced under -such conditions, further than to notice that, supposing 
the communication made, and the elevatory force sufficient to lift a 
body of molten lava, so that it could pass out of die volcanic orifice 
or crack, the observer has to consider the effects which would 
follow. However any Intense heat might permit the existence of 

* “ Memoires pour servir a une Description Geologique de la France,** t. iv., p, 118. 

t Dr. Faraday has shown (Philosophical Transactions, 1823), that sulphurous acid 
gas becomes liquid under the pressure of two atmospheres, at a temperature of 45^ 
Fahr. ; sulphuretted hydrogen under that of 17 atmospheres at 50^ ; carbonic acid 
under .36 atmospheres, at 32^ ; and hydrochloric acid gas under 40 atmospheres at 50^. 
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the vapours and gases observed at subaerial volcanos, before the 
rupture was effect^, as soon as the water came into contact with 
them, a ready supply of that at 39^*5 pouring in, the more heated 
water ascending, as so heated, they would disappear as they rose. 
If disseminated amid the lava thrown out, the great pressure upon 
the latter would produce its effects upon them, while the low tem- 
perature would soon act on the external liquidity of the lava itself. 

From such a state of tilings to the minor^ depths and surface of* 
the water, great modifications would be expected, solid lava, 
(supposing tlie struggle between the forces brought into action to 
be such, as, on the whole, to permit a gain on tlie side of tlie volcanic 
products), probably prevailing beneath, while there was an admix- 
ture of more scoriaceous matter above, as the accumulations rose 
into the atmosphere. The whole mass would be liable at all times 
to be cracked and fissured, molten lava rising into the rents accord- 
ing to the pressure of the time upon it, and the tumefaction 
mentioned by M. Flie de Beaumont progressing. 

The extent to which sheets of matter could be spread in various 
directions and at different times around submarine volcanic vents, 
would necessarily depend upon circumstances; among tlicm, tli(j 
absence of piles of cinders and ashes into cones, such as arc formed 
by the discharge of vapours and gases through lava into the atmo- 
sphere, being important, so that when fissures were produced, 
molten matter flowed more f’rccly out, in the manner, so far as 
liquidity and the absence of cinders and ashes arc regarded, of the 
streams which poured out on the flanks of Manna Loa, in 1843. 

It has been seen that volcanic vents may remain f'or a long time 
dormant or closed, and then lava, cinders, and ashes be driven out 
of them. The probable differences which would arise in such cases 
with volcanic accumulations beneath the sea and those above its 
level, require attention. It may be inferred that, beneath given 
depths of water, where the rents have been more frequent, and the 
lavas have more frequently been thrown out, there may be such a 
mechanical resistance to the new application of an elevatory force, 
that an increase of heat may soften and even melt some of the prior- 
formed accumulations, for the most part readily fusible. Thus a 
dome-shaped mass' may be raised, not finally splitting, in given 
localities, at its surface, until even above water, and the quiet 
cracking of Manna Loa for the length of many miles, would appear 
to show us that conditions may arise, even in subaerial volcanos, 
permitting the heating and softening of a volcanic crust to within 
comparatively moderate distances from that crust. 
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PALMA. — SECTIONS OF ETNA AND VESUVIUS. — FORM AND STRUCTURE OF 
ETNA. — ORIGIN OF THE VAL DEL BOVE, ETNA, — FOSSILIFEROUS VOLCANIC 
TUFF OF MONTE SOMMA. — MIXED MOLTEN VOLCANIC ROCKS AND CON- 
GLOMERATES. — MODIFICATION OF SUBMARINE VOLCANIC PRODUCTS. — 
PEAK OF TENERIFFE.— SANTORIN GROUP.—ISLAND OF ST. PAUL, INDIAN 
OCEAN. — DISTRIBUTION OF VOLCANOS IN THE OCEAN — ON CONTINENTS 
AND A'MID inland SEAS. — VARIABLE PROXIMITY OF VOLCANOS TO 
WATER.-7-EXTINCT volcanos. — MINERAL AND CHEMICAL COMPOSITION 
AND STRUCTURE OP BASALT. 

That dome-like elevations of vobanic- products Iirvc been formed, 
MM. Von Buell, Elic de Beaumont, Dufrenoy, and others consider 
they have sufficient proof. Some notice has been above given 
(p. 318), of the equivocal appearances which may be presented by 
the “ craters of elevation” and the “ craters of eruption.” The 
Caldera, in the Island of Palma, Canaries, is adduced by Von Bucli as 
a good example of the ‘‘ craters of elevation.” A large precipitous 
cavity or crater is there surrounded by beds of basalt and conglo- 
merate, composed of basaltic fragments, dipping regularly outwards, 
and is broken only by a deep gorge on one side, through which 
access can be obtained to this central cavity. White tracliytc, 
and a compound of hornblende and white felspar, are also noticed 
among these rocks. There being no mixture of scoriae or ashes, 
and the beds of molten rock as well as the conglomerate presenting 
a uniform stratification, it is inferred that the whole was formed 
under different circumstances, such as beneath water, from the 
ordinary eruptive accumulations of a volcano, and had been up- 
raised in a dome-like manner, until finally the rupture was 
effected, and the least resistance being in one direction, the lateral 
gorge was produced, the whole presenting the appearance of the 
pear-shaped termination of the fissures in figs. 115 and 116. 

M. Elic dc Beaumont has given a valuable description of Etna, 
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FORM AND STRUCTURE OF ETNA. 


[Cn. XX. 


illustrating the same views.* The Val del Bovc shows an 
accumulation of many hundred layers of fused rocks, somewhat 
resembling the modern lavas of this mountain, interstratlfied with 
others composed of fragmentary and pulverulent substances, the 
beds varying in thickness from half a yard to several yards, those 
of fused rock commonly thinner tlian the fragmentary deposits. 
The surfaces of tlie former arc rough, and tlicir outer part is 
penetrated by cells to the depth of 8 or 12 inches ; whence beds 
only 20 inclies or 2 feet thick are cellular tlirougliout. Tlic 
thicker beds arc solid in tlie middle and resemble certain trachytes, 
labradorite replacing orthoclase. The fragmentary beds are true 
tuffs, their structure similar to th(^sc found in the Cantal and Mont 
Dore, the component fragments composed of the same substances 
as the fused beds, sometimes scoriaceous, at others compact. The 
beds of the Val del Bovc undulate in different directions, varying 
from horizontality to inclinations of 20® and 30^^, without their struc- 
ture or thickness being altered in a constant manner. They are 
traversed by a multitude of lava dykes, the rock of which is of the 
same kind as that of the fused beds. Though these take various 
directions, it is considered that tlierc is a tendency on the whole to 
one ranging E.N.E. 

The general form of Etna will be seen from the accompanying 
view (fig. 129) taken from one of those in tlie atlas of‘ M. von 
Walterhausen.*|- By it the very slight rise of the general mass 
to the central crater will be observed, as also the great break in 
front, known as the Val del Bove, where the more ancient vol- 
canic accumulations arc considered to be exposed. While this 
view may thus be useful in showing the general outline of the 
mountain, so far as views embracing considerable areas may do so, 
the annexed section from west to cast (fig. 130),t will more cor- 
rectly give the real shape of Etna, taken through the Val del Bove, 
therefore somewhat across the outline represented in the view, and 
exhibit the steep descent through the cliffs of that great break or 
depression on the flank of the mountain. 


* “ Memoircs pour servir a unc Description Geologique de la France,” tom. iv. 
According to M. Klie de Beaumont the order of the Etna formations is as follows 
1. Granitoid rocks, known only by ejected fragments. 2. Calcareous and arenaceous 
rocks. .3. Basaltoid rocks. 4. Rolled pebbles, forming aline of hills at the junction 
of the Plain of Catania and the first slopes of Etna. 5. Ancient lavas, forming the 
escarpments round the Val del Bove ; and 6. Modern eruptions (p. .03). 
t Maps and Views of Etna. 

X Taken from Dr. Abich’s “ Erluutcmde Abbildungen Geologischer Erschcimingen 
beobachtetam Vesuv und Aetna,” pi. 9, Berlin, 1837. In this section, the scale for 
height and distance is the same. 
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M. filic de Beaumont quotes M. Mario Gcmellaro as pointing 
out that the central mass of Etna is composed of two cones passing 
into 6acli otlier ; one, interior, formed of ancient volcanic pro- 
ducts, the otlier, exterior, formed of modern accumulations. These 
two cones arc upon the same axis, tlie ancient nearly east from the 
modern cone, whence they do not completely embrace each other, 
the modern not altogether covering tlie ancient, and tlie pnxlucts 
of the latter being exposed on the eastern side of the mountain, 
especially in tlie Val del Bove*. Tliis considerable and sudden 
gap in Etna, M. Elie de Beaumont agrees with Sir Charles Lycllf 
in referring to a great subsidence of that part of the mountain, in 
the same manner as the much larger volcanic mass of the Papan- 
dayang fell in at »Tava in 1772, and that of Carguairazo subsided 
on the 19th of July, 1(398 ; a volcano considered previously to 
have rivalled its neighbour Chimborazo in height. M. Elie do 
Beaumont refers to the possibility of the lava which lifted the 
ancient mass of Etna having been abstracted, so that the needful 
previous support of the portion now occupied by the Val del 
Bove being removed, depression was the result. He considers 
Etna to have been an irregular crater of‘ elevation, the U23lifting 
force not having there acted in the same simple manner as at the 
Isle of Palma, TenerifFe, and Monte Somma (Vesuvius).^ M. Elie 
de Beaumont infers that the first-formed deposits were nearly 
horizontal, successive fissures presenting channels f*or the out- 
pouring of very fluid lava which spread round in various directions, 
in the manner that sheets of basalt are seen to have done in 
many c()jmtrics, and especially in Iceland, cinders being also 
ejected, so as to alternate with the fluid rock. Upon the accumu- 
lations thus produced, the elevatory force is considered to have 
acted in the manner described. 

in like manner, the part of Vesuvius known as ilonte Somma 
has been inferred to be the remains of a crater of elevation, which 
has been broken through, so that it became, in a great measure. 


* “ Mdmoiros pour servir a unc Description Geologique de France,’* t. iv.,p. 124. 
t “ Principles of (ieology,” 4th edition. 

X “ Memoires pour servir a uue Description Geologique de France,” t. iv., p. 188. 
M. Klio de Beaumont further observes, that “ the force wldch raised the gibbosity 
of Etna appears to have acted not on a single and central point, but in a straight 
lino, represented by the axis of the clliiTse, of which the soutlicrn, northern, and 
eastern flanks of the Val del Bove form a port ; and it seems to have acted unequally 
oil the difterent parts of this straight line, so that its western extremity, answering to 
the actual volcanic vent, has been more raised than the rest. An elevation of this 
kind could not be produced without the upraised masses being broken, and the rents 
ought chiefly to coincide with the line of elevation, or diverge, radiating, from its 
extremities.” 


2 c 2 
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covered by the eruptions of more modem times, those chiefly which 
followed the great outbreak of 79. The section* * * § (fig. 131) will 
serve to show the general outline of this volcano, as well ds the 
portion of the cone (Monte Somma) which existed prior to that 
eruption. After describing the volcanic tuff’ of the environs of 
Naples, showing that it is composed ahn(»st entirely of the dfebris 
of trachyte, tlie greater porti{m of the fragments contained in it 
pumice, that it wa.^, in part at least, fossiliferous,t and inferring 
that it was arranged in hods under watcr^ M. Dulrenoy observes 
that the tuft’ of Monte Somma is tlic continuation of the same 
accumulations, and quotes M. Pllla as luiving discovered fossil shells 
in it.§ He points out that among the limestone fragments in the 
tuff of Alonte Somma some are covered by small srrpt(l(V of the same 
species as those whicli adlierc to tlic rocks on tin* coast of Sicily, 
and that these fossils not ])elng in the least altered, they prove, 
even more than the general disposition of tlic tulf, tliat it lias been 
formevl beneath water, and subsequently raised to its present height 
on tlie Monte Somma. 'i’liis tuff, witli its fragments or pebbles of 
limestone (commonly saecharold) and of micaceous rocks, M. Du- 
frenoy considers, with tlie lava associated with it on Monte Somma, 
to have been upraised, in a vaulted manner, by volcanic forces 
acting from beneath, the eruptions finally finding vent through 
this elevated mass, and forming the present Vesuvius. The rocks 
composing Monte Somma and Vesuvius arc pointed out as dif- 
ferent. While the lavas of Monte Somma resemble crystalline rock, 
such as granite and trachyte, the Vesuvian products arc scoriaccous. 
The former are composed of leucite, augitc, labradoritc, and some 

* From Abich’s“ Erliiutcrndc Abbildungcn (Jeologischcr Ersclieinungen beobachtet 
am Vesuv und Aetna,” id. [). Berlin, 1837. The scale for this section is the same 
for height and distance, but it differs from that of the section of Etna on the same 
page. 

t M. Dufrenoy (Memoires pour servir a une Description Geologique de la France, 
t. iv., p. 240) adds to the evidence of Mr. Poulctt Scrope, who pointed out (Geol. 
Transactions, 2nd series, vol. ii., p. 351) that this tuff contained the remains of ostrea, 
rnrdinm, huccinum, and patal/a, of species now living in the Mediterranean ; and of 
Sir Charles Lyell (Principles of Geology) respecting the fossiliferous tuff of Ischia, 
that ostrea, cardimn, and pecten have been obtained from the quarries in the hill of 
Posilippo, an ostrea and a pectunrulus at St. Elmo, above Naples, and fossils in other 
places. 

J M. Dufrenoy mentions ('Memoires pour servir, &c., t. iv., p. 238^, that this tuff 
often presents cavities from 6 inches to 2 feet in height, almost always taking a 
vertical direction. They are numerous in the tuff of Naples itself, and in the escarp- 
ments on the high road to Nesita. Their parallelism leads him to infer that they 
have been caused by the abundant escape of gas which traversed the beds before 
their solidification. M. Dufrenoy ('p. 241) also notices concretions in the tuff, chiefly 
in the argillaceous beds. 

§ The fossils found by M. Pillaare TurriidUt terehra^ Cardium ciliare^ Corbuln ffthha, 
and a portion of an Echinitc. 
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rare nodules of olivine ; while the latter, when compact and crys- 
talline, are formed of crystals of the order of felspar, but differing 
from ordinary felspar, albite, and labradorite. They, moreover, 
contain crystals of green augite, some nodules of olivine, and some 
rare plates of mica. As with the lava and tuff beds of the Val del 
Bove, Etna, the lava and tuff of Monte Somma are traversed by 
numerous lava dykes. 

Without multiplying examples of mixed beds of conglomerate, 
tuff, and lava, so occurring as to render it probable that these 
volcanic accumulations had been effected beneath water, mention 
may be made of the evidence on that head obtained by Mr. Dana 
among the islands of* the Pacific, as the descriptions given of such 
aggregations at Oahu, and Maui (Hawaiian group), and Tahiti, 
possess much interest in their geological bearings. Some of the 
rounded masses in the conglomerate of Kauai arc stated to contain 
30 cubic feet, lying against each otlier, the interstices between 
filled in with pebbles and finer matter. At Oahu there are some 
finely-laminated tuffs, which as much point to their formation 
beneath water as the conglomerates.* Molten rocks and con- 
glomerates arc mentioned as alternating at Tahiti, some of the 
stones in the latter being six inches in diamctcr.t In such islands 
we have merely the upper portions of volcanos above the level of 
the sea. As respects the evidence of their uprise from situations 
where large rounded blocks and pebbles could be formed, the 
simple tumefaction of tlie volcanic mound, from the causes above 
noticed (p. 381), would alone aid the uplifting of beaches and 
various (]pposits, in minor depths, to heights proportionate to the 
introduction of tlie matter filling dykes traversing the mass, and 
to the extension of the various deposits of ashes and cinders, and 
of lava, by heat, as covering after covering was accumulated, 
independently of any great force applied from beneath, and tending 
to dome out and perhaps throw off the flanks. 

The observer will have to consider the probable figures which 
beds would take round volcanic islands. If* we are to suppose 
some volcanos, now inland in various parts of the world, to have 
been once islands, the depth of water around them at different 
times would much influence the arrangement of their mineral 
products. We should expect the deposits which now take place 

* Dana, “Geology of the United States’ Exploring Expedition,” pp. 239, 261, 
267, 268. 

t Ibid., p. 29.5. Mr. Dana describes the general dip of these beds to be from the 
central part of the island outwards, the central rocks being more compact than those 
on the exterior and less vesicular, more trachytic and syenitic fp. 296^. . 
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around and amid the Hawaiian Islands to be much modified, 
as regards general arrangement, from those of any volcanos in 
shallow seas. We must refer to previous notices of volcanic ash 
and cinder accumulations in tidelcss (p. (>9) and tidal seas (p. 99), 
and the working out of soft from hard volcanic matter by the 
breakers (fig. 80, p. 192, as pointing to these modifications. To 
these may be added the condition of* volcanic islands, such as those 
in various parts of tlic ocean exposed to almost ceaseless breaker 
action, separating the harder from the softer volcanic products, the 
volcanic mass gradually rising, from time to time ; great subaerial 
eruptions, and perhaps submarine also, being eflected. Very com- 
plicated arrangement of parts could scarcely but arise, and much 
admixture of molten matter with conglomerates and liner volcanic 
sediment, be the result, and this independently of any accumu- 
lations at considerable depths, which, as they rose, would become 
acted upon by the breakers in a similar manner ; to be afterwards 
covered with subaerial accumulations, should volcanic action con- 
tinue above water in the elevated mass. The accompanying view 
of the Peak of TenerilFc (fig. 132), by M. Deville,* taken from 

nj. 



near Santa Ursula, may serve to illustrate the slope of that moun- 
tain, considered fundamentally due to the elevation of beds of tuff 
and molten rock around the central portion, upon which the sub- 


ihudcs Geologiqucs sur les lies dcTcneriffc ct de Fogo,” 1847. 
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aerial eruptions have formed the present Peak, as also the cutting 
back of the mass at the level of* the sea by the breakers. 

As to the elevation of volcanic accumulations, the island of 
Santorin lias attracted considerable attention, not only from the 
discovery of organic remains in the tuffs, now raised above the 
sea, but also from its general form and its history. Dr. Daubeny 
infers — with respect to this island, or rather islands, the larger 
known to the ancients as Thera, and the second in size as The- 
rasia, though there may be some uncertainty as to the whole of 
the little group having been thrown up in historical times — that 
some considerable convulsions may have occurred, to which early 
ancient writers refer.* Whatever obscurity may hang over the 
exact times at which the Santorin group, or parts of it, were up- 
raised above the level of tlie sea, there appears none as to changes 
having been effected in its isles and islets by volcanic action from 
remote historical times. 

Nearer our own times, it seems certain that a portion of this 
volcanic mass was raised above water in 1573, forming a rock 
known as the little Kaimcni ; that there was an eruption of pumice 
near Santorin in 1638; and that, in 1707, a new rock rose 
between the Little and Great Kaimcni, which increased in size 
so rapidly, that in less than a month it became half’ a mile in 
circumference, and had risen 20 or 30 feet above the level of the 
water, constituting a third island, which was called New Cammeni, 
a name which it still bears.''-f- Some persons landing on the up- 
raised rock to collect oysters adhering to it, were compelled to 
leave it from the violent shaking of the ground. The commence- 
ment of the island was first observed on the 23rd of May, 1707. 
In July, black smoke accompanied the upheaval of the rocks, and 
much sulphuretted hydrogen appears to have been discharged. 
Stones, cinders, and ashes were shortly afterwards ejected ; showers 


* Daubeny, “ Description of Volcanos,” 2nd edition, p. 320. Dr. Daubeny refers 
to the statement of Pliny, that 130 years after the separation of Therasia, the island 
of Thera was thrown up ; “a statement,” he observes, “ confirmed by Justin and 
Plutarch, as to the fact, though not as to the date.” ♦ * * “ It is to this event 
that Seneca seems to refer, where he speaks of an island throwm up in the ^gean Sea, 
by an accumulation of stones, of various sizes, piled one upon another.” ♦ ♦ ♦ 
“ Pliny also speaks of another plienomenon of the same kind, as happening in his own 
time, for he tells us that in the reign of Claudius, a.d. 46, a new island called Thia 
appeared near Thera. But as he mentions it as only two stadia distant from Hiera, 
it is possible that the island may have been joined to the latter by a subsequent 
revolution, as by that recorded to have taken place in the year 726, by which Uiera 
is said to have been greatly augmented in point of size.” 

t Daubeny (Description of Volcanos, p. 321], who quotes from Father Goreo, an 
eyewitness of the fact, seen from Scaro and all that side of Santorin. 
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of the two latter spreading to considerable distances. The volcanic 
action continued for nearly a year, more or less ; indeed, during 
ten subsequent years.* As Dr. Daubeny remarks, this elcvatory 
action has not yet ceased, inasmuch as a reef found by tlie fisher- 
men to have teen raised, during a short time, to within 30 or 40 
feet of the surface, was in 1829 ascertained, by M. Lalande, to 
have no more than 9 feet water over an area of 2,400 by 1,500 
feet, the ground gradually sinking around li’om the centre, and 
less water, by two feet, was obtained about two inontlis afterwards 
by M. Bory de St. Vincent. 

The accompanying (lig. 133) is a map of these islands, with a 

Fig. 133. 


tn 



a, a, a, a, Thera or Santorin ; 6, Therasia. 


* “In July, the appearances were more awful, as all at once there arose, at a 
distance of about 60 paces from the island already thrown up, a chain of black and 
calcined rocks, soon followed by a torrent of black smoke, which,* from the odour 
that it spread around, from its elfect on the natives in producing hcadaclic and 
vomiting, and from its blackening silver and copper vessels, seems to have consisted 
of sulphuretted hydrogen. Some days afterwards the neighbouring waters grew hot, 
and many dead fish were thrown upon the shore. A frightful subterranean noise was 
at the same time heard, long streams of fire rose from the ground, and stones con- 
tinued to be thrown out, until the rocks became joined to tJie White Island originally 
existing. Showers of asltes and pumice extended over the sea, even to the coasts of 
Asia Minor and the Dardanelles, and destroyed all the products of the earth in San- 
torino. These, and similar appearances, continued round the island for nearly a year, 
after which nothing remained of them but a dense smoke. On the 15th July, 1708, 
the same observer (Father Gorce) had the courage to attempt visiting the island, 
but when his boat approached within ,500 paces of it, the boiling of the water 
deterred him from proceeding. He made another trial, but was driven back by a 
cloud of smoke and cinders that proceeded from the principal crater. This was 
followed by ejections of red-hot stones, from which he very narrowly escaped. The 
manners remarked, that the heat of the water had carried away all the pitch from 
their vessel.*'— Daubeny, “ Description of Volcanos,” p. 322. 
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sketch of the banks and form of the ground beneath the sea, as 
shown by the late survey of Captain Graves, R.N. The crateri- 
form cavity in the centre, with its depth of 213 fathoms (1,278 
feet), will be at once apparent, with the shallow depth on the west, 
dividing it from the Mediterranean in that direction. Equally 
interesting is the deep channel running to the northward, with as 
much as 990 feet in it, reminding us of those figures and descrip- 
tions of the craters particularly brought under notice by Von Buch, 
where a great rent appears to have been effected on one side, form- 
ing a ravine entrance to their central, and often otherwise inacces- 
sible interiors. Such a form also will again remind the observer of 
the pear-shaped termination of fissures noticed above (figs. 115 and 
116), one which would so readily accord with the power of a force 
acting from beneath upwards, so that if tliis was exerted in the 
centre of the group of Santorin, and a fissure extended northerly 
through the deep channel there presenting itself, there appears no 
mechanical difficulty in supposing a somewhat yielding covering, 
rendered so, in a great measure, by heat, opening outwards in such 
a manner that the chief fissure would suffice for any required sepa- 
ration of parts, a certain amount of cohesion still remaining. It is 
needful, in estimating the effects which would be produced in this, 
or in a somewhat similar manner, to regard the whole mass with 
reference to proportion and real sections,* so that no undue value 
should be attached to heights or distances ; and also to the masses 
of limestone of Mount Elias and the hill on the north of it, a range 
of that limestone on the eastern side of the island (marked by 
straight •lines on the map, fig. 133) having to be taken into ac- 
count. It is also easy to conceive — indeed, the variable intensities 
of different eruptions from the same volcanic vent point to the fiict 
— that the action which at one time may elevate a considerable 
mass, may at another, and after time, be unable to cause more than 
a central movement in a volcanic vent.t 

Professor Edward F orbes and Captain Spratt, R.X, who visited 
Santorin in 1841, state that ‘Mhe aspect of the bay is that of a 
great crater filled with water, Thera and Therasia forming its 


* Those constructed with the same scale for heights and distances, 
t When noticing tlie uprise of ground and eruptions witnessed at Santorin by the 
Father Goreo, in 1707 and 1708, Dr. Daubeny calls attention, as important to the 
natural history of volcanos, *‘that in this case, as in many others, the mountain 
appears to have been elevated before the crater existed, or gaseous matters were 
thrown out. According to Bourguignon, smoke was not observed till 26 days after 
the appearance of the raised rocks.” — Description of Volcanos,” p. 322. 
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walls, and the other islands being after-productions in its centre.”* 
In the Little Kaiineni they found tlie elevated sea-bottom, formed 
of fine pumieeous ash, to be fossiliferous."f They were informed 
that similar beds of shells were found on the cliffs of Santorin itself. 
“ In the main island, tlio volcanic strata abut against the limestone 
mass of Mount St. Elias, in such a way as to lead to the inference, 
that they were deposited on a sea-bottom, on whieli the present 
mountain rose as a submarine mass of rock.”J The following 
view (fig. 134), kindly communicated ])y Captain Spratt, E.N., is 
highly illustrative of the general appearance of the interior of* the 
Santorin group, of the position of the central islets, and of the kind 
of stratification which occurs around the central opening. 

In a group of this kind, independently of any eruptions through 
the central cavity or crater, which it would appear have taken 
place even in later historic times, breaker-action upon the interior 
cliff's, upon the softer substances especially, would tend to degrade 
them, and deposit the detritus, so derived, in tlie central depres- 
sion, a deep cavity in a tideless sea, as the Mediterranean may be 
considered, as far as regards geological effects. In like manner, 
also, heavy seas rolling over the gap facing the south-west, between 
Therasia and Cape Akroteri (Santorin), wdiere Aspro Island rises 
above the shallow bank connecting the chief islands (tlie brim of* 
the volcanic basin, slightly covered with water), § tend to force in 
detrital matter. Deposits at the bottom of the central cavity, 
varying in depth from 9G0 to 1,278 feet in its curved passage 
round the Kaimeni, would seem well at rest, except as regards 
upheaval or depression from volcanic action there prevailing. In 
cases where animal life might become extensively destroyed by 
the boiling of the waters, a ready supply of the germs, even of 


♦ In a letter from Professor E. Forbes to Dr. Daubeny, quoted by the latter in his 
“ Description of Volcanos,” 2iid edition, p. 324, 1848. 

t Professor E. Forbes informs me that the following shells w'cre there obtained: — 
Pectunctulus pilos^us, Area tetragma, Cardita trapezia^ Trochvs ziztphinus, T. fanulum^ 
T, exiguus, T. Coutovrii, Turbo rvgosus, T. sangubieus^ Phasianella pulla^ Turritella 
tricostata, Neara cuspidata^ Cerithium Lima, Pleurofoma gracile. 

X “ My own impression is,” adds Professor E. Forbes, “ that this group of islands 
constitutes a crater of elevation, of which the outer ones arc the remains of the walls, 
whilst the central group is of later origin, and consists partly of upheaved sea- 
bottoms and partly of erupted matter, erupted, however, beneath the surface of the 
water.” 

§ Commencing with the southern point of Therasia, the soundings show this 
submerged brim of the crater to be successively 42, 36, .54, 66, .54, and 42 feet (depths 
at which wind-wave action would cause much disturbance on the bottom, especially 
during heavy gales), a point, marked as a sunken rock, rising higher between the 
south end of Therasia and Aspro Island. 
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those inhabiting deep water, could be Airnislied by the deep 
channel opening to the northward ; one also through which the 
heated waters could How outwards on the surface, while cooler 
water supplied their place by inflow beneatli. As regards tlic expo- 
sure of this channel to wind-wave action, a glance at tlic charts of 
the iEgean Sea will show that it is comparatively well sheltered 
by Nio, Sikino, and Polykandro, with tlie bank connecting those 
islands, on the north and north-west, while Siphano, Paros, and 
Navos prevent any great range of sea exposure still liirtlier beyond 
those islands. 

Examining the charts of coasts or islands where volcanos occur, 
various instances will be found by the observer in wliicli the sea 
more or less enters the central cavities or craters, or where, by a 
little more cutting away of the remaining walls ^f* tlic crater by 
breaker action, or a slight change of level, bringing some lower 
part of its lip further down, a similar entrance ol‘ the sea would be 
effected. The island of St. Paul may be tak(‘n in illustration of a 
crater just so far laid open by breaker action, that the portion of 
the brim of the basin through which the sea enters is nearly dry 
at low tide. It will be seen by the accompanying plan (lig. i.’lo), 

Fig. 135. 



that this little island, scarcely 2i geographical miles from N.W. to 
S.E., and about li mile broad from N.E. to S.W., rising in the 
Indian Ocean, between the south of Africa and the west of 
Australia, Madagascar being the nearest mass of* dry land, and 
more than 2,000 miles distant, is the mere summit of a volcano. 
With its companion, Amsterdam Island, it forms a remarkable 
protrusion through the ocean amid a mass of waters, an excellent 
example of the uplifting of volcanic matter through them. That 
such mere points should be easily removed by breaker action, 
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unless some hard rocks should be accumulated, would be expected, 
and the foregoing plan (fig 135) and accompanying view (fig. 
136),* would seem to show that its abrasion by such means is now 


Fig. 136. 



flr, Nino-Pin Rock; h, Entrance to cratcr-lakc; c, Cliff, well exhibiting the united 
action of breakers and atmospheric influences ; d, Dark-coloured rock, dipping sea- 
ward; e, Section of a dark-coloured bed; /, The southern point of the Island. 

being accomplished. The high cliffs, several hundred feet in 
elevation, appear the remains of the accumidations cut back by 
the breakers, so ceaselessly at work in such a situation, the amount 
of‘ removal on the N.E. of the island being, to a certain extent, 
shown where the anchorage {a) of the surveying ship, the “ Fly,” 
is marked in that direction on the chart, as upon sand and stones, 
and beyond wliich tlie depth suddenly increases seaward. The 
greatest height of tlic island is stated to be 820 feet. The Nine- 
Pin Pock {a, fig. 136) Is merely a harder portion left by the 
breakers, and it may be inferred, the present breaker action con- 
tinuing to remove the matter o^ St. Paurs Island, and no new 
eruptions adding to its mass, that In time such points might alone 
remain above water to attest tlie former presence of a volcanic 
crater, the walls of which once rose several hundred feet above the 
level of the sca.t 

The distribution of volcanos over the face of the globe will strike 
the observer as necessarily important when searching for their cause 
and studying their effects. It will also at once be apparent to him 
that independently of the modifications which may arise in local 
conditions, so that the same vent may be active at one time, with 
variable degrees of intensity, and dormant at another, there may 
be great general conditions becoming so permanently changed, that 
a region once marked by volcanic action may so far be considered 
as ceasing to be so, that some very considerable modification in such 
portion of the earth's crust must be effected to produce a return of 
that action. In consequence of such complicated conditions it be- 


* From tliat accompanying the Admiralty chart of the island of St. Paul, by 
Captain lllackwood, U.N. 

t In the view above given there is an apparent interstratification of differently- 
shaded rocks, perhaps of lavas and tuff. During the abrading process by the breakers, 
these would necessarily be acted upon according to their relative hardness and 
positions. 
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comes almost impossible to separate active volcanos from those termed 
extinct, inasmuch as we can scarcely be certain that many of the lat- 
ter may really be such, and not in a comparatively dormant state. 
As a matter of convenience, therefore, rather than of principle, it 
has usually been considered desirable to separate volcanos known to 
have been active from those never recorded to have been so, though 
often preserving the forms which they took under subaerial erup- 
tions and lava outflows, atmospheric influences having little changed 
such forms. This division, however comcnient in the present 
state of the subject, should not mislead the observer, nor will it do 
so when he regards volcanic action on the larger scale, and igneous 
products generally, during the long lapse of‘ geological time of* 
which we can obtain any relative records. 

It has long been remarked that active volcanos arc chiefly, 
though not altogether, situated amid, or at moderate distan(*cs 
from, oceans and seas,^ a circumstance also considered important 
as regards their products, especially as respects aqueous vapours 
and certain of the gases evolved. It would be out of place to 
enter upon the hypotheses framed in consequence, f'urther than 
to call attention to points which appear important for the effective 
study of the subject. First, however, as respects the facts recorded. 
Upon glancing at any of tlic maps of the world whereon the exist- 
ing knowledge of volcanos, considered sufliciently active, is laid 
down, we find them in the ocean separating America from Europe 
and Africa, ranging in points, or groups of points, from Jan 
Mayen^s Island on the north, by Iceland, the Azores, Canary, and 
Cape de Verde Islands, Ascension, and Trinidad (Sou tk Atlantic), 
to Tristan da Cunha on the south. On one side of the same waters 
the line of the West Indian volcanos presents itself. In the Indian 
Ocean ap23ear the somewhat scattered groups of tlic Islands of 
Bourbon, Mauritius, and llodriguez, and the small isolated points 
of St. Paul and Amsterdam Islands. In the central portion of the 
Pacific arc the Hawaiian, Marquesas, and Society Islands groups, 
with Easter Island. On the north of the same ocean is the range 
of the Aleutian vents, having a somewhat W.S.W. and E.N.E. 
direction, (as if upon a great fissure,) into the north-west of North 
America. To the westward of the Aleutian volcanos a range of 
vents, commencing with the somewhat lol‘ty volcanos in Kams- 
chatka, proceeds in a south-west direction through the Kurile 
Islands to and beyond Japan. Southward of* the latter, and having 

♦ M. Arago pointed out in 1824 (Annuaire), that about five or six only of the 173 
reputed active volcanos of the world were not so circumstanced. 
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a north and south direction, are the volcanos of the Bonin and 
Mariana Islands. On the S.E. of Japan a series of vents com- 
mences, which, ranging down by Formosa and the Philippines, 
passes round in the form of a huge fish-hook, by the N.E, point of 
Celebes, Gilolo, the volcanic isles between New Guinea and Timor, 
Floris, Sumbawa, Java, and Sumatra, to Barren Island, where a 
central active cone rises amid water, entering from the sea on one 
side, this interior water bounded, except on that side, by a series 
of clilFs.* Ecturning to the Pacific we find the volcanic group of 
the Galapagos in that ocean, off the coast of Quito, 

As respects volcanos on continents, or in seas more or less 
intermingled with them, the vents of South America constitute 
by far the most important range. After quitting the volcanos of 
Ticrra del Fuego, a space intervenes northward lor several degrees 
of latitude in which they have not been noticed. Then succeeds 
the long line of the volcanos of Chill, several rising to considerable 
h(‘ights above the sea. Another break then occurs, after which 
volcanos appear in the Andes of Quito, Cotopaxi, being one of 
them. Passing the Isthmus of Darien, the vents of Guatemala 
come in, succeeded more northerly by those of Mexico. Continuing 
in the same direction volcanos become scarce in North America, 
a few points only being noticed in California, upon the Columbia, 
on the island of Sitka, and in Eussian America, t where the Aleu- 
tian range joins in. Active volcanos in Europe are confined to 
the Neapolitan States and Santorln, the latter being inferred to be 
merely for the time, dormant. On the continent of Africa no 
active v(jnts are known, Jebel Tarr, in the Eed Sea, being as 
much Asiatic as African. With respect to Asia, the great mass 
of that continent appears (omitting the Kamschatkan peninsula), 
to be at least, in a great measure, without active vents. Though 
doubts are expressed respecting such vents, the statements regard- 
ing volcanos in Central Asia are deserving of every attention, and 
numerous warm springs would appear there to be found, under 
circumstanc.es which may connect them with volcanic action.J 

* Von Buch views this islnnd as highly illustrative of a cone of eruption in the 
midst of a crater of elevation ; and Dr. Daubeny observes, that “ if we compare this 
locality with Santoriii, there will be found nothing but the absence in the latter case 
of an active vent in the centre of the bay whereby to distinguish it ; and from Monte 
Somma it chiefly differs in its lower level, >vhich causes the bottom of the crater to 
be sunk beneath the waters of the ocean.”— “ Description of Volcanos,” p. 413, 
where a view of Barren Island is given. 

t Wrangell’s Volcano, on the Atna. 

X With respect to the volcanos of Central Asia, Humboldt, after observing that 
Abel Remusat first called the attention of geologists to them (Annalcs des Mines, 
t. V., p. 137), remarks (Kosmos, Sabine’s, 7th edition, p. 232), that there is “a great 
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It will be perceived that the statement as to these communi- 
cations with the surface of the eartli being chiefly found amid 
oceans and seas, or not far from them, seems borne out. Volcanos 
in Mexico and those of Central Asia, assuming that there are still 
active volcanos there, would appear the principal exceptions.* 
As respects the former, it has been held by the advocates of the 
necessity of water as one of the causes of volcanic action, that there 
may be a connexion along a great fissure extending in an east and 
west direction across Mexico, vents being established upon it 
at Colima, Jorullo, rcxomtepetl, and Orizaba. With regard to 
Central Asia, it can be inferred that it is a region which may 
have once been in a great measure occupied by an inlimd sea, 
waters being then supplied to the volcanic foci, as is now supposed 
by some to happen in the volcanic regions of the Jlcditcrrancan.’f* 

Should the presence of water be considered only a secondary 
cause of volcanic action, it would follow that during the change 
of levels which have taken place over large areas on the earth’s 
surface, circumstances may arise that should at one time permit 
the easy access of water to great fissures or apertures of any 
form, and at another prevent it. Thus aiding in changing active 
volcanic regions into those termed extinct, independently of the 
termination of other and perhaps more general conditions from 
which volcanic action may arise. If we regard the variable 
amount of dry land which would be exposed above water by 
changes of the relative level of sea and land, such as has been 
above noticed in the British Islands (fig. 99), it would appear that 
parts of France might constitute islands at one time to which sea- 


volcanic cliain, the Thian-sclian (celestial mountains), to which belongs the Pc-schaii, 
from whence lava issues, the Solfatara of Urum-tsi, and the still active ‘ fire mountain’ 
(Ho-tscheu) of Turfan, almost equidistant from the shores of the Polar Sea and of the 
Indian Ocean fl,40(Jand 1,528 miles). Pe-schan is also fully 1,300 miles from the 
Caspian Sea, and 172 and 208 miles respectively from the great lakes of Tssikoul and 
Balkasch.” ♦ • * “ Tt is impossible not to recognize currents of lava in the 
descriptions given by the Chinese writers of smoke and flame bursting from the 
Pe-schan, accompanied by burning masses of s^one flowing as freely.as ‘ melted fat,’ 
and devastating the surrounding district, in the first and seventh centuries of 
our era.” 

* Respecting the range of the Mexican volcanos, Humboldt remarks (Kosmos, 
Sabine’s, 7th edit., p. 232), that Jorullo, Pococatepotl, and the Volcano de la Fragua, 
are respectively 80, 132^ and 156 geographical miles from the ocean. 

f Reference to the remarkable fact that in the island of Cephalonia a stream of 
sea-water, in sufficient quantity and volume to turn a mill, is constantly flowing from 
the sea inland, where it becomes swallowed up, has been made, as illustrating the 
employment of water in volcanic action, that supply of water being converted into 
gases and vapours, producing earthquakes and volcanic eruptions. - Sec Mr. Strick- 
land, “ Geol. Trans.,” 2nd Scries, vol. v., p. 408, and “Geological Proceedings,” 
vol. ii., pp. 220, 393 ; also Dauheny’s “ Description of Volcanos.” 
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•water could have more ready access (from proximity) to any 
volcanic foci beneath, than at another. Thus, supposing such 
supply needed, if it were stopped by changes removing the sea to 
greater distances, a region centaining active volcanos at the one 
period, might present only extinct craters at another. This, even 
under the hypothesis of the water being essential, might not 
necessarily be always the real cause of change, inasmuch as the 
general conditions, productive of volcanic action in such districts, 
may have been exhausted, so that whether the supply of water 
was or was not altered, that action became extinct 

Whatever may have caused volcanic fires to have ceased, there 
are whole regions, independently of portions of districts in parts 
of which active volcanos still exist, or have been known in historic 
times, which offer clear evidence of volcanic action having pre- 
vailed, sometimes extensively, in them at no very remote geo- 
logical period, loose piles of cinders and ashes, and lava streams 
being found nearly as fresh as when ejected. The district of 
Auvergne, in central France, has for about a century engaged 
attention, as one of extinct volcanic action.* This seems to have 
continued for a long period, various points of communication 
having been established between the interior of the earth and the 
atmosphere at different times, aiid changed and modified results 
the consequence. In addition to Auvergne, similar accumulations 
are found in France, in the Cantal, the Velay, the Vivarais, the 
Cevennes, and in the vicinity of Marseilles and Montpellier. In 
Germany they are seen in the districts of the Eifel, the Siebenge- 
blrge, and other places. Hungary, Transylvania, and Styria, 
present rfieir trachytic and other igneous products. Extinct vol- 
canic action is also traced in Spain and Sardinia ; Italy offers its 
extinct as well as active volcanic accumulations, as does also 

* It is now about a century since (1752) that Guettard published his “Memoire 
sur quelques Montagues de la France, qui ont etc des Volcans (Memoires de T Aca- 
demic des Sciences).’^ As regards general views of the extinct volcanos of France, 
the observer will find them in Mr. Scrope's “ Geology of Central France,” 1827 ; in 
the “ Memoires pour servir a une Description Geologique de la France,” (1830-38), 
and the Explication de la Carte Geologique de la France,” 1841, by MM. Dufrenoy 
aiid«rElie de Beaumont, and in Dr. Daubeny^s “Description of Volcanos,” 2nd edit., 
1848, More than 70 jears since M. Desmarest published a map of Auvergne, always 
adverted to with satisfaction by those who have visited that region. As Sir Charles 
Lyell remarks (“Principles of Geologj,” 7th edit., p. 51), “Desmarest, after a care- 
ful examination of Auvergne, pointed out, first, the most recent volcanos which had 
their craters still entire, and their streams of lava conforming to tlie level of the 
present river-courses. He then showed that there were others of an intermediate 
period, whose craters were nearly effaced, and whose lavas w'ere less intimately 
connected with the present valleys ; and, lastly, that there were volcanic rocks, still 
more ancient, without any discernible craters or scoria?, and bearing the closest 
analogy to rocks in other parts of Europe.” 



402 


MINERAL COMPOSITION OF BASALT. 


[Cn. XX. 


Greece, when including its islands. In Asia Minor, extinct 
volcanos are found, and more especially in tlic wide district ol‘ the 
Katakekaumenc.* With respect to the Holy Land, the destruction 
of Sodom and Gomorrah has been attributed to volcanic eruptions, 
and volcanic accumulations are elsewhere noticed in the same 
land, and in Persia, and its adjoining countries. Doubtless, also, 
many other regions, not yet explored by tlic geologist, will be 
found to present similar accimmlations, and indeed they have been 
noticed in the great continent of America. 

In various parts of the world, as well in regions where lava 
streams intermingled with ash and cinders, either piled up conically, 
or more evenly distributed, are not apparent, as in those where 
active or extinct volcanos exist, certain rocks arc found to which 
the name bamlt has been given. In the application of this name, 
care has not always been taken to distinguish the same compound 
considered chemically and mineralogically, so that in the matter of 
fusibility alone, substances so termed differ somewhat muterially.t 
Fine varieties cf greenstone (diabase), consisting of ortliodasc and 
hornblende have as often been termed basalt, as those of* labradorite 
and augite (dolerite). If, with M. Rose, hornblende and augite be 
considered only modllications of the same mineral, this would leave 
the difference of these two varieties of basalt to consist in that of 
the two felspars. The basalt of the Mont Dor has been stated to 
contain both the augite and hornblende forms of this mineral. 
Dasalt has again been supposed essentially to consist of augite, 
magnetic iron, and a mineral of the zcolitic family.^ The un- 


* Messrs. Hamilton and Strickland (Gcol. Trans., 2nd series, vol. vh, 1841, and 
“ Travelb in Asia Minor,” 1842, by the former fi^eohjt^ist) consiiler the volcanic 
products of the Katakekaumene, as referable to three periods. The volcanic 
accumulations of the last period are as fresh as amid active vents, the ashes and 
scoriae still loose and piled up as after immediate ejection, the lava streams rugged, a 
few straggling plants ahme finding fitting conditions for their growth. 

t During the experiments on the fusibility of rocks, to which allusion has been 
above made, we found marked ditferences in that of tlie so-termed basalts. Allowing 
for changes by the difierent conditions under wliicli substances, originally similar, 
may have been placed, so that while one may have been deprived ol' certain substances, 
another may have mineral matter added to it, there were still evblently original 
differences. It has been stated by De Saussure (Journal de Pbysi(pic), that basalt 
melts at 76*^ of Wedgwood. The experiments of Sir James Mall ('frans. Royal Soc. of 
Edinburgh, vol. v.) went to show that whinstone, or basalt, as it has been called, from 
the vicinity of Edinburgh, became soft at a temperature from 28° to bb® Wedgwood, 
a heat, as Dr. Daubeny^remarks (Description of Volcanos, p. C16), inferior to that of 
a common glass-house. 

X Referring to the composition of this zcolitic mineral. Dr. Daubeny observes 
(Description of Volcanos, p. 18), that it “is such as to imply that it may have been 
formed out of labradorite by the u<ldition of water, the presence of which in all zeolites 
is the cause of the bubbling up under the blowpipe, which has occasioned them to be 
distinguished by that general appellation.” Following out this view, It scorns highly 
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certainty in the employment of the term basalt, would appear to 
require attention. Thus the rocks whicl) encircle the Peak of 
TenerifFe, and usually noticed und<*r that head, are referred by 
Dr. Abich to his class of trachytc-dolcritcs. While endeavouring 
to trace the sources whence certain igneous rocks may have been 
obtained, even sometimes with reference to the melting of masses 
which may have been accumulated by means of water, or have 
been intermingled with such deposits, mincralogical and chemical 
distinctions, as far as they can fairly be carried out, would appear 
very desirable.* While at times sliccts of basalt cover exten- 
sive areas, at others they are mingled with ordinary volcanic 
products, apparently, therefore, ejected under dissimilar conditions. 
Basalt is sometimes highly vesicular, at others very compact ; these 
modes of occurrence arc observable over areas of different extent, 
both considerable and limited. 

As regards the relative antiquity of basalt, we find it noticed 
as well among the ancient as the more modem volcanic products 
of central France, and among the more modem of the Vivarais in 
tlie south of France, as also in those of the Eifekf It is noticed as 
intermingled among the ancient volcanic rocks of the Siebenge- 


(lesirable to consider how far a change may be brought about in a compound of augite, 
magnetic iron, and labradorite, so that the latter became modified by water after 
ejection. The vesicles of basalts, as, for example, those of the north of Ireland, 
arc often filled with zeolitic minerals, the results of infiltrations into them, quite 
as much as agates, &c., also found amid the same rocks. In fact, incer tain districts, 
the vesicles arc filled with a variety of substances, the zeolites forming only a part 
of them. 

* As respects the chemical composition of basalt, including that of Teneriffe 
(trachytc-dqlerite of Dr. Abich), the following table of basalt, from Saxony, (1), by 
Mr. Phillips, from Banlieu (2), by M. Beaudaut, and from Teneriffe (3), by Dr. Abich, 
may be useful : — 


Silica .... 
/Vlumina . 
Protoxide of iron 
Peroxide of iron. 
Oxide of manganese 
Lime .... 
Magnesia . . 

Potash . . . 

Soiln .... 
(Chlorine . . . 

Vi ater .... 


44-50 

59-5 

57-76 

16-75 

11-5 

17-56 

20-00 ' 

19-7 

4*64 


0- 

2-09 

0-12 


0-82 

9*50 1 

1-3 ; 

5-46 

2-25 ; 

• • i 

2-76 


1-6 

1-42 

2-60 

5-9 

6-82 

0-30 

2-00 


trace 


t On this point, Dr. Daubeny remarks (Description of Volcanos, p. 42), when 
mentioning the^occurrcnce of basalt w ith the fresh-water limestones, near Clermont, 
and the proof by M. £lie de Beaumont of this basalt forming dykes amid the fresh- 
water formation of the Limagnc (Memoires pour servir, &c., tom. i.), that while it 
occasionally underlies the trachyte and subjacent tuffs of the districts, ** its general 
relation to both these rocks indicates that it is of more modern eruption.” 

2p2 
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birge, as also of later date in the same district. Basalt is described 
as among the ancient igneous rocks of Iceland. It occurs in many 
parts of the world where its relative date is not so apparent, some- 
times forming the isolated caps of hills, and resting upon other 
rocks, in a manner pointing to the considerable or partial destruc- 
tion of some great sheet of this rock, 'rhis has been supposed 
the case with the basaltic hills in pai*ts of Germany. Tlic larg(‘st 
area occupied by basidt seems to be in India, where rocks ol this 
class appear to occupy one of 200,000 square miles.* AV^ith respect 
to this rock, a fine exliibition of it is found in the north of Ireland, 
where the Giant’s Causeway and the adjacent country have long 
attracted attention. Thougli on a mucli smaller scale, the island 
of Staffa, Hebrides, has also long been equally celebrated for its 
basalt. In the north of Ireland, its eruption Wiis posterior to the 
formation of the chalk of the same district, but the portion of the 
tertiary period to which this should be referred is not clear. 

Though by no means confined, among igneous rocks, to basalt, 
the spherical and columnar structures often developed in tliat 
rock have also long attracted much attention. The minor spherical 
structure seen on the small scale in some volcanic rocks, and also 
in artificial glass, and wliich has been previously noticed, would 
appear to have been produced on the larger scale, under certain 
conditions, in ba^^alts. Sometimes this globular structure, as shown 
Fig. 1.3 during the decomposition of the rock, is 

irregular, so that the wliolc has the appear- 
ance of balls of various dimensions piled up 
without much order (fig. 137) ; at others, 
a great order prevails, and the concretions 
arc cither roughly arranged above one 
another in wide spheroidal shapes, or so pressed against each other 
as to produce prisms, sometimes of very symmetrical forms. In 
1804, Mr. Gregory Watt showed by his experiments on basalt, 
that when, in the cooling of a molten mass of that rock, this 
structure wavS developed, and “ two spheroids came into contact, 
no penetration ensued, but the two bodies became mutually coiA- 
pressed and separated by a plane, well defined and invested with a 
rusty colour,” and he observed, when several spheroids met, that 
they formed prisms, t 

* Lieut.-Colonel Sykes (Geological Transactions, 2nd series, vol. iv., p. 409) observes, 
that in the Dukhun there are proofs of a continuous trap formation, covering an area 
of from 200,000 to 250,000 square miles. 

t Observations on Basalt, and on the transition from the vitreous to the stony texture 
which occurs in the gradual refrigeration of melted basalt, Phil. Trans. 1804. 
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From the arrangement observed by Mr, Gregory Watt, he m- 
ferred that “ in a stratum composed of an indehnite number, in 
superficial extent, but only one in licight, of impenetrable spheroids, 
with nearly equidistant centres, if their peripheries could ajme in 
contact on the same plane, it seems obvious tliat their mutual action 
would form them Into hexagons ; and if these were resisted Ixdow, 
and there was no opposing cause above them, it seems equally 
clear that they would extend their dimensions upwards, and thus 
form hexagonal prisms, whose length might be indefinitely greater 
than their diameters. The further the extremities of the radii 
were removed from the centre, the nearer would their approach be 
to j)arallelism ; and the structure would be finally propagated by 
nearly parallel fibres, still keeping witliin the limits of the hex- 
agonal prism with which their incipient formation commenced; 
and the prisms might thus shoot to an indefinite length into the 
undisturbed central mass of the fluid, till their structure was 
deranged by the superior influence of a counteracting cause.’^ 

It will require the careful study of this class of* rocks, more 
p«articularly in a decomposed state, for the observer to ascertain the 
extent to which the ^'iew of Mr. Gregory Watt may be applicable. 
Where one plane of a sheet of basalt may have been exposed to 
cooling influences, so that the spheroidal structure could be first 
developed in it, and in the manner suggested, and also so that no 
other splieroidal bodies could be developed in the general hxly 
of the rock, and thus interfere with the extension of the original 
spheroid, there would not appear much difficulty in following this 
view. those biisaltic dykes that arc sufficiently common in 
some districts, where we may suppose that the walls of the fissure, 
which had been filled by the Fig. ^38. 

molten rock, presented equal 

cooling conditions, we some- ^ 

times sec, as in the subjoined^ - ..ZT' 
section (fig. 138), that the 
prisms shoot out at right angles 
to the walls of the containing / 

rock (be), as if each set commenced at the sides (d and e), 
confusion arising at the central portion (a/).* In cases, also, when 



* It sometimes happens that the central portions of a basaltic dyke are more 
prismatic than the sides, as if the cooling had been too rapid at the sides for the pro- 
duction of this arrangement of parts. Again, the prisms are sometimes found ranging 
from wall to wall of the fissure, as if artificially-cut prismatic blocks of rock had been 
piled in it on Uieir sides. 
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not a trace of joints can be observed, as in the annexed section 
(fig. 139 ), wliere the columns (e), are seen to rise at right angles 

Fig. 189. 



to the supporting rock {a J), which may be of any kind, igncou.«? 
or accumulated in water, the prisms reacliing to tlic lieiglit of 100 
feet or more, an original C(*oling lower plane may have j)r(Kliicod 
tlie prisms throughout. Also in those curved coh^mns of basalt, 
where, as in the Ibllowing sketch (fig. 140), no joliit-^ are apparent, 

Fig. 140. 



even upon the weathering of the rock, we may sujipose that some 
tendency of an original set of spheroids to develop tlicmsclvcs 
more in one direction than another, from some local cause, has 
been so continued as to produce the general curve observed. 

When the jointing of the prisms is marked, though, no doubt, 
upon the view of Mr. Gregory Watt, the prolongation of additions 
to the radiating arrangement of parts would render the pauses of 
that which would be otherwise con- 
centric coatings of a spheroidal mass, 
somewhat flat plains, across the 
prisms, so that the annexed struc- 
tures (fig. 141), .might be thereby 
accounted for, facts are occasionally 
seen, where the decomposition of the 
joints would rather point to the production of separate centres 
of radiation. Certain joints of the great bed of prismatic basalt 
which, dipping into the sea, forms the well-known Giant’s Cause- 


Fig. 141. 



407 


Cn. XXO FINOAL’S CAVE, STAFFA. 

way, in the north of Ireland, would seem to countenance such a 
view. These joints are observed to have 
minor pieces, a, a, a, supplemental, as it 
were, to the main joints, filling up comers ; 
giving an idea of each joint having been 
a separate sphere, the minor pieces com- 
pleting the arrangement of particles in 
the comers, where sphere pressing against 
sphere, these remained to be filled up. 
At times the minor pieces constitute more 
of tlic whole sharp corners of the prisms, 
as r(‘prcscntcd in the annexed (fig. 143). 

Of tlie intermixture of conditions pro- 
ducing flows of melted rc»ck at one time 
from tlic same general vent, or system of 
vents, wliich sliould take the jirismatic form, and at another 
exliibit no teiidoney to that structure, the Giant's (.’aaseway and 
adjao('nt district in the north of Ireland will afford the observer 
a good example. Tlic same mixture of prismatic and more solid 
basalt is also to be found in the Island of StafFa, wliere, as shown 
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in the annexed sketch (fig. 144),* the action of the Atlantic 
breakers has worn out the celebrated Fingal’s Cave. 


Fig. 142. 



* Reduced from Macculloch’s “Western Islands of Scotland.’ 



CHAPTER XXL 


SAI.SES OR MUD VOLCANOS. — GASEOUS EMANATIONS UNCONNECTKIi WITH 
VOLCA.VOS. — RESULTS OF DECOMPOSING IKON PYKITES AMID BITUMINOUS 
SHALE. — MUD A’CLCANOS IN THE BAKU DlsrillOr — OF THE NEIGHBOUR- 
HOOD OF TAMAN AND KERTCH— OF MACULADA, GIKOENTI.— IIORAUIC 
ACID LAGUNES OF TUSCANY. 

Mineral matter is raised from beneath and thrown out upon tlie 
surface of the ground, and vapours and gases are evolved, the latter 
sometimes inflammable, in a manner which so differs from, or forms a 
modification of, the volcanic action previously noticed, as to merit 
separate attention. Amid the changes effected during the modifica- 
tion of ordinary volcanic action, it may readily happen, as has been 
seen, that aqueous vapours and certain gases alone escape from old 
volcanic vents, and masses of mud may be ejected, as from Tongariro, 
Kew Zealand (p. 323). In these cases, the gases evolved would tend 
to show the observer the connexion betAveen volcimic action,, such as 
it is manifested, with a very general resemblance, in so many 
situations scattered over the face of the globe, and any localities he 
may be examining ; more especially if volcanic rocks prevail in 
them. As the subject at present rests, it requires more attention 
than has always been assigned it, inasmuch as somewhat similar 
appearances may be brought about by different means. While a 
modification of volcanic action may connect certain of these salses 
or mud volcanos, as they have been termed, with the general 
cause of that action, others may depend upon causes which, 
though producing effects of local importance, could scarcely, as 
regards the crust of the globe, be considered as exerting any great 
geological influence ; at the same time, as manifesting alterations 
in the condition of the matter composing even limited portions 
of the accumulations on the earth’s surface, they require con- 
sideration. 
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With respect to gaseous emanations, they are not only found so 
connected with volcanic repons, that their origin can scarcely be 
doubted; but also in localities where that action is either not 
apparent, or where other sources may be reasonably assigned them. 
Of the latter kind are those discharges of carburetted hydrogen, 
which rise in several coal districts ; this gas occasionally evolved 
in such volume as to Ixi economically employed.* In these cases, 
our experience in working collieries shows us that such gases are 
iibimdantly produced from certain coal beds and associated car- 
bonaceous shales, the result of a decomposition of those bodies by 
which, among other cliangcs, a portion of the constituent carbon 
and liydrogcn is c;volved in a gaseous state. That fissures, or other 
natural rock channels, should permit the escape of this gas to the 
surface, and that, the causes for its pnxluction continuing, it should 
have been known during a long lapse of time, would be expected. 
Emanations of carburetted hydrogen are well known in the coal 
districts of Europe and America. 

When beds of lignite, coal, or shales highly impregnated with 
bituminous matter, can be acted on by heat, so that these sub- 
stances may be jilaccd under somewhat of the conditions of the 
coals in a gas-work, we should expect results corresponding with the 
resistance to tlic escape of the gas which any associated or super- 
incumbent rock-deposits may ofter, with the additional force 
exerted by any steam which may be derived from disseminated 
water, the latter sometimes forming no inconsiderable power for 
overcoming superincumbent resistance. In such instances, the 
heat produced by the decomposition of iron pyrites, so often dis- 
seminated amid carbonaceous and bituminous deposits, should 
scarcely be neglected, a sufficient supply of air and water being 


* At Fredonia, State of New York, this gas has long been collected in a gasometer 
for the lighting of the place ; and, according to Humboldt (Kosmos), it has been used 
in the (.’hinese province of Tse-tchuan, for more than 1,000 years. M. Imbert states, 
that an inflammable gas is employed in evaporating saline water at Thsee-lieou-tsing. 
“ Bamboo pipes carry gas from the source to the place where it is to be consumed. 
These tubes are terminated by one of pipe-clay, to prevent their being burnt. A 
single source (of gas) heats more than 300 kettles. The fire thus produceii is ex- 
ceedingly brisk, and the caldrons are rendered useless in a few months. Other 
bamboos conduct the gas intended for lighting the streets and great rooms or 
kitchens.” — “ Bibliothoque Universellc,” and “ Edinburgh Philosophical Journal,” 
1830. The wells whence this inflammable gas rises were sunk for the purpose of 
obtaining the saline water. This they first afibrded; but the water failing, they 
were sunk much deeper, when, instead of water, the gas rushed out suddenly with 
considerable noise (Humboldt, “ Fragmens Asiatiques ”). This seems a good instance 
of tapping, as it were, a supply of inflammable gas, pent up in a compressed state. 
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effected. Indeed, the “burning,” as it is usually termed, of 
bituminous shales exposed in cliffs,* * * § and througli which cosily-de- 
composed iron pyrites are disseminated, is sufficient to show tliat 
this circumstance should receive attention, however exaggerated 
the views taken respecting the effects of such causes may once 
have been. 

The country around Baku, a port on the Caspian, would appear 
instructive, not only as respects the emanation of inllammablc gas, 
but also witli regard to the production of one class ol‘ salses, or mud 
volcanos. That district is describod as impregnated with pctroknim 
and naphtha, to such an extent that the inliabiLints ol‘ Baku employ 
no other fuel. About ten miles K.E. from the town tlicre are 
many old temples of tlio Guebres, in eacli of whioli inflammable 
gas, burning with a pale flame, and smelling strongly of sulplmr, 
rises in jets from the ground.t A large jet is stated to issue from 
an adjoining hill-side, and the wliolc country around, for a circum- 
ference of two miles, is so impregnated with this gas that a hole 
being made in the gi*ound it immediately Issues, the inhabitants 
thrusting canes into the earth, through which the gas rises and is 
used in cooking. J It was near Jokmali, to the cast of Baku, that, 
on the 27th Kovcmlxjr, 1827, flame burst out, wlicrc flame had 
not previously been known, rising to a considerables liciglit, for 
three liours, after which it became lowered to tlircc Icct, burnt 
for 20 hours, and was then succeeded by an outburst of mud, 
covciing an area of more than 1,000,000 square feet to the depth 
of two or three fcet.§ Large fragments arc mentioned as having 


* The Kimmeridjre clay of the Weymouth coast, in wliicht here is much shale, in 
places so bituminous as to have been (listilled for the bitumen in it, offers from time 
to time a good example of the “burning” of n cliff from the decomposition of iron 
pyrites amid bituminous shale by the action of the weather. The heat generated has 
been occasionally so considerable ns to fuse some of the clay or shale. 

f It would be expected that these natural jots of inflammable gas would be utilised, 
wherever ascertained to be emitted, by those to whom a perpetual fire could be of 
importance in their religious rites. Captain Beaufort (Karaman’a) describes a jet of 
inflammable gas, named the Yanar, near Deliktnsh, on the coast of Karamaiiin, 
probably once thus used. “ In the inner corner of a ruined building, the wall is 
undermined, so as to leave an aperture of three feet in diameter, and shaped like the 
mouth of an oven ; from thence the flame issues, giving out an intense heat, yet 
producing no smoke on the wall.” Though the w’all w'as scarcely discoloiiied, small 
lumps of caked soot were found in the neck of the opening. The Yanar is considered 
to be very ancient, and possibly the jet described by Pliny. The hill whence it issues 
is formed of crumbling serpentine and loose blocks of limestone. A short distance 
down it there is another aperture, whence, from its appearance, another jet of a similar 
kind is inferred once to have risen. 

X “Edinburgh Philosophical Journal,” vol. vi, 

§ Humboldt, “ Fragmens Asiatiques.” 
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been thrown out and hurled around.* A column of flame rose so 
high at an eruption near Baklichli, west of Baku, that it could be 
seen at the distance of 24 miles. The country is considered to 
afford other traces of similar eruptions. 

While these eruptions have taken place near Baku, on the east 
of the Caucasus, similar outbursts of flame and mud have occurred, 
under similar circumstances, in the neighbourhood of Taman and 
Kertch, at the western extremity of the same range. These have 
been long known, and taking place in an area which comprises the 
Cimmerian Bosphorus, where the Sea of Azof communicates 
tlirough a sluillow channel with the Black Sea, they become im- 
portant in effecting surface changes, tending still liirther to close 
this channel upon the outflow of the river waters poured into the 
Sea of Azof, chiefly by the Don and its tributaries, and not evapo- 
rated in it. These salses, or mud volcanos, arc found on both 
sides of the strait, and arc situated, like those of Baku, in a dis- 
trict replete with bituminous matter. M. Dubois de Montpereux 
gives sections showing the area to be principally composed of a 
liighly-bituminous (tertiary) shale, sometimes with lignite, alter- 
nating with sands. From these bituminous beds asphalte is pre- 
pared, and there is evidently mach bituminous matter, including 
naphtha, disseminated in its various forms; indeed, naphtha 
springs arc mentioned as rising near the crater-cavity of Kliouter. 
Tn some situations the salses seem to have vomited forth flame and 
mud from the same spots at different times, at others these sud- 
denly rise from places not previously known.t The gases evolved 
from tlie salses at Baku, Taman, and Kertch, and from the 
vicinity of Tiflis, where similar facts are noticed, chiefly consist, 
(Dr. Abich, who lias personally examined them, informs me), of 
carburettod hydrogen, an important circumstance connected with 


* Humboldt, “ Kosmos,”— Mud Volcanos. 

t Dubois do Montpereux (^'oyage autour du Caiicaso. t. v., p. 51), mentions, 
respecting these mud volcanos, that Koukou-oba was in eruption in February, 1794 ; 
and Koussou-oba on the 26th April, 1818; that the chief eruption of Gnila-gora, near 
Temrouk, was In Fcbniary, 1815; that an island appeared in front of the Isle of 
Tyrambe, on the 10th May, 1814; and that the mud volcano of Taman was never in a 
greater state of activity than in April, 1835. He comments on these eruptions having 
occurred at one time of the year, remarking, with Pallas, that the only known 
autumnal eruption was on the Sth September, 1799, when the first island was thrown 
up. Tn the Crcological Atlas accompanying the “ Voyage autour du Caucase,” there 
is a plan (pi. xxvi.) in which the various salses or mud volcanos of Taman and Kertch 
arc laid down ; and in the Carte Gcnerale Geologique of the same work, the districts 
of Baku and Tiliis are included. Section, pi. xxv., shows the alternations of bitu- 
minous shales and sands whence a mud volcano broke out near Koutchougourei, bor- 
dering the Sea of Azof. 
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their origin. M. Dubois de Montpereux mentions the emission of 
sulphuretted hydrogen when the mud of Khouter was disturbed, 
and that tliere was also a sulphurous spring not far distant. M. 
de Verneuil gives an elevation of 250 feet to some of the conical 
mud accumulations of Taman and the Eastern Crimea.'^ Iron 
pyrites seems to be found amid the ejected mud. As might bo 
expected, tliese jets of flame, smoke, and mud occur as well in 
the shallow water adjoining the dry land as upon the latter, 
even adding to and modifying its form. In 1814, flames rose 
tlirough the Sea of Azof, mud was thrown out, and an island 
gradually produced. Among the stones ejected at these erup- 
tions are limestones and shales not known among the surrounding 
strata. 

The mud volcanos of Maculaba, near Girgenti, whence mud and 
bituminous matter are thrown out. Dr. Daubeny attributes to tlic 
combustion of the beds of sulplmr there associated with the blue 
clays, amid which these mud eruptions take })lace.t He ascer- 
tained tliat the gases given off consisted of carbonic acid and cai- 
buretted hydrogen. At the time of liis visit the cavities were 
small and filled with water, somewhat above the usual teinj)erature 
of that in the country, mixed with mud and bitumen, through 
which the gases bubbled up.J Dr. Daubeny refers similar plieiio- 
mena at Tcrrapllata, near Caltanisctta, and at Mlsterbiaiico, neai 
Catania, to the same causes. 

To ascertain how far such salscs or mud volcanos may arise 
from other than strictly volcanic causes, or be merely some second- 
ary effects produced by them, it becomes very desirable .not only 
that the geological structure of the country sliould be well ex- 
amined, but also that the gases evolved should be very carefully 
ascertained. According to Humboldt and M. Parrot, almost pure 
nitrogen is found among the gases evolved from the mud volcanos 
of the peninsula of Taman, and the former mentions hydrogen 
mixed with naphtha as emitted from salscs of this kind. The stones 


* “ Bulletin de la Soc. Cleol. de France.” 

t “ Description of Volcanos.” Alluding to the combustion of the sulphur, Dr. 
Daubeny remarks, that “ the sulphurous acid being retained by the moisture of the 
rock, and gradually converted into sulphuric acid, would act upon tlic calcareous 
particles, and give rise to the extrication of carbonic acid gas, whilst if any bituminous 
matters were present, the heat generated might cause a slow decomposition, and resolve 
them into petroleum and carburetted hydrogen,” p. 267. 

t It is stated that at times the mud has been known to be thrown up to the height 
of 200 feet, accompanied by a strong odour of sulphur.”— Daubeny, “ Volcanos,” p. 266. 
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mentioned by Sir Roderick Murchison* * * § as ejected in the Taman 
and Kertch district differing from those forming the adjacent rocks, 
he infers an action more deep-seated than the combustion of 
the bituminous beds amid which the salses arc found, one of a 
more true volcanic kind. 

Naphtlia and the thicker bitumens are at present so scattered over 
various parts of‘ tlic world, that though certain localities may abound 
witli them more than others, they appear to show little beyond the 
conversion of some organic matter, accumulated under variable 
conditions, into that form.f Inflammable gases have also been 
found evolved from the earth, not only in connexion with bitu- 
minous and coal deposits, but under other circumstances, where no 
volcanic action is required for their production, as, for example, at 
the salt-mines at Gottesgabe, at Reine, in tlie county of Tecklen- 
bcrgjJ and from borings for salt in America, § and China. || 

Witli regard to the rise of boracic acid with the steam at the 
lagiines near Vol terra, in central Italy, accompanied by carbonic 
acid and sulphuretted hydrogen, it has been referred to volcanic 
acti(ni beneatli tlio rocks iji which the laguncs are situated.lT That 
great heat exists beneath is certain, but how far this heat may now 
be considered volcanic and distinct from a more general dispersion 


* “(icolofry of Russia in Europe and the Ural,” vol, i , p. 576. 

t Naphtha springs seem to continue, in some cases at least, in the same state during 
a long lapse of time, pointing to the long duration of the needful conditions. Thus, 
acconling to Dr. Holland (*• Travels in the Ionian Isles, .Vlbania,” &c.,) the pe- 
troleum springs of Zante are in the same state as when described by Herodotus. The 
pitch lake of Trinidad is a good example of a considerable collection of the more solid 
bitumens. It is estimated at about three miles in circumference, though its exact 
boumiaries Are dithcult to trace, in consequence of the soil which covers parts of it, 
from which crops of tropical productions arc obtaineil. (Nugent, Geol. Trans., 
vol. i.) According to C’aptain Alexander (Edinburgh Phil. Journal, January, 18.‘13), 
masses of this pitch advance into the sen at Pointe la Brayc. The same author notices 
an assemblage of salses or mud volcanos at Pointe du Cae, 40 miles southward from 
the pitch lake, the largest about 150 feet in diameter. 

X 'Vhc gas is obtained from the abandoneil pits, and is cousidereil to consist of 
carburettetl hydrogen and olefiant gas. It w’as employed by M. lUklers, the inspector 
of the mines, for lighting andetwking, being conveyed to the houses by pipes. 

§ While boring for salt at Rocky Hill, in Ohio, near Lake Erie, the borer suddenly 
fell after they had driven to tlie depth of 107 feet. Salt water immediately rushed 
forth, and was succeeded by a considerable outburst of an inflammable gas, w'hicb, 
being ignited by a fire in the vicinity, consumed all within its reach. 

11 At Thsee-lieou-tsing (previous note, p. 409), according to M. Klaproth, a jet of 
inflammable gas from a locality also producing salt water, was burning from the 
second to the thirteenth century of our era, at about do li S.W . from Kioung-tcheou. 

^1 A Memoir on the mode of occurrence of the boracic acid lagoons of TuscAny, by 
Sir Roderick Murchison, entitled “On the Vents of Hot Vapour in Tuscany, and 
their relations to ancient linos of Fracture and Eruption,” will be found in the Journal 
of the Geological Society of London, vol vi., p. 367 
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of an elevated temperature beneath the surface of the ground, more 
intense at some points than at others, seems not so certain. The 
boracic acid is found in combination Avith ammonia, as avcU as free, 
and Dr. Daubeny remarks that its presence in the steam may arise 
from the aqueous vapour passing over this substance, and carrying 
it upwards in mechanical suspension, as steam, by experiment, has 
been found capable of effecting.* 

• By employing the heat of the superabuiulant tlie water colloctod in 

artificial ixmils is sufficiently evaiH)rated to dispense with fuel, and the boracic acid 
obtained at small cost. These lagunes furnish about l,t>.A0,(K)O lbs. of boracic acid 
annually, sufficient, hen purified and mixed with soda, forming borax, nearly for 
the supply of Europe.- Daubeiiy, “ Volcanos,” p. 156. 



CHAPTER XXII. 

KAUTIIQUAKES.— CONNEXION OF VOLCANOS AND EARTHQUAKES. — EXTENT 
OF EARTHQUAKES. — MOVEMENT OF THE EARTH-WAVE DURING EARTH- 
QUAKES. — SEA-WAVES PRODUCED DURING EARTHQUAKES. COMI’LICATED 

TRANSMISSION OF EARTHQUAKE WAVES. — UNEQUAL TRANSMISSION OF 
EARTHQUAKES. — LOCALLY EXTENDED RANGE OF EARTHQUAKES. — 
EARTHQUAKES TRAVERSING MOUNTAIN CHAINS. — FISSURES PRODUCED 
DURING EARTHQUAKES. — SETTLEMENT OF UNCONSOLIDATED BEDS ADJOIN- 
ING HARD ROCKS DURING EARTHQUAKES.— BREAKING OF GREAT SEA- 
WAVE, OF I:ARTHqUAKES, on COASr.S. — effects of earthquakes on 
LAKES AND RIVERS. — FLAME AND VAI‘OUR FROM EARTHQUAKE FISSURES. 
— SOUNDS A('COMI'ANYING EARTHQUAKES. — ELEVATION ANT) DEPRESSION 
OF LAND DURING EARTHqAKES. — JOAST OF CHILI RAISED DURING EAP.TH- 
QUAKES. — EFFECTS OF EARTHQUAKES IN THE RUNN OF CUTCH. 

It has been seen that prior to, and sometimes during volcanic 
eruptions, tlie country in the vicinity lias been disturbed by vibra- 
tions, as il‘ from time to time certain resistances to volcanic forces 
were suddenly overcome. The rending of iwks by lissurcs, such 
as liavc been previously noticed, could scarcely but produce vibra- 
tions, supposing tlic needful tension and cohesion of parts. It is 
by no means reejuired that these fissures should always rise to the 
surface of the ground; indeed, in many volcanic accuinuLitions, 
the rents Ibrmed, and subsequently filled with molten rock, arc* 
observed to terminate before they mich it. From the absence of 
the proper cohesion of’ parts amid great masses of ashes and cinders, 
these may so yield, that though a fissure might be suddenly pro- 
duced in more solid matter boneutli them, they could adjust them- 
selves alxn'c in a very general manner over its upward termination. 

It would be anticipated that, all other things being equal, vibra- 
tions of the ground around volcaiK)8 would be more intense after a 
vent had long bi'eii closed and dormant, so that time for the con- 
solidation of tuff bells hjul elnpscil, the whole well braced togctKcr 
by lava streams of various dimensions, than when the vent was 
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still open, the volcano active, and the ashes and cinders inco- 
herent. It may* also be inferred that a certain thickness of trachyte, 
dolerite, or basalt, if not too much divided by columnar, or other 
joints, would offer greater resistance to any given volcanic force 
employed than tuff beds, unless these were so changed and con- 
solidated as to assume the character of palagonitc, or others of that 
class. Again, different effects would be expected from the resist- 
ance of intermingled sheets of tuff and rocks which had been in 
fusion, such as those described as occurring in the Val del Bove, 
Etna, and where similar substances are mixed, as narrow lava 
streams and irregular piles of matter, in both cases prior fissures, 
more or less filled by dykes of lava, considerably modifying the 
effects produced. 

A connexion has often been inferred to exist bo tweeiv volcanic 
eruptions and vibrations of the ground at distances far beyond the 
immediate vicinity of tlie former, as if‘ the volcanos were great 
safety-valves, through wliich, under ordinary circumstances, a 
certain amount of fierce escaped, mere local disturbances being 
thereby produced; while at otliens, from tlie overloading of the 
valves, or a greater exertion of power, larger portions of' tlie earth's 
crust were shaken. Without including dormant or extinct vol- 
canos, active vents are so widely dispersed over dllFerent parts of 
the world, that considerable areas may readily bo disturbed by 
vibrations more or less depending upon general conditions, of 
which the discharge of molten rock, vapours, and gases, at cer- 
tain points, is only one of the eflects thereby produced. I fence, 
as respects this mode of viewing the subject; volcanic^ eruptions 
and earthquakes may be intimately connected, vulcanic eruptions 
being equally regarded in tlic same general manner, and other 
adjustments (jf the earth’s .surface included, by wliich great fissures 
have been formed, and huge masses of rocks squeezed, broken, 
and thrust up into great ridges and mounds of varied forms and 
magnitude. 

Many instances are given of the inferred connexion between 
earthquakes and volcanic eruptions, as, for example, the sudden 
di.sappcarance of smoke in the volcano of Pasto, when the province 
of‘ Quito, 192 miles distant, was so violently shaken by the great 
earthquake of Riobamba, on the 4th of February, 1797, and the 
sudden tranquillity of Stromboli from its otherwise constant activity, 
during the great earthquake in Calabria, in 1783. As we arc 
quite assured that in minor areas there is often much vibration of 
the ground prior to such eruptions, and that subsequently to them 
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tranf|uilHty is restored, at least for a time, an observer would be 
led to inquire how far such apj>arent causes and effects may be 
extended. Herein caution is much needed, so that, from a pre- 
conceived opinion, accidental circumstances may not liave an undue 
value assigned them, some of the inferences drawn respecting 
the immediate connexion between given earthquakes and the 
eruptions from certain volcanos being scarcely borne out by the 
facts adduced. 

It would be anticipated that in regions of volcanos, such as those 
of South America, great vibrations of the ground should be ex- 
perienced, these vibrations extending to variable distances, not only 
according to their intensity, but also to the kinds of rocks through 
whicli they arc transmitted. In certain regions earthquakes arc 
sometimes of sucli fmjucnt occuiTcnce, that except when of 
particular intensity they arc so little regarded, that tliese, and 
similarly circumstanced portions of the earth s surface, may Ije con- 
sidered in a more unstable state than others. The great earthquake 
of Chili, in 1835, was merely one of* a more intense kind in a 
district often shaken by such vibrations. It is described as having 
been felt from Copiapo to Ghihx) in one direction, and from 
Mendoza to Jiuin Fernandez in another; and the volcanos of that 
j)art of the Andes arc noticed as having been in an unusual suite 
of activity immediately prior to, during, and subsequent to it. In 
a previous eartliquake (1832) the same region of South America 
Wius sliakcn tlirougli a distance, from north to south, of about 
1,200 miles. 

Witli respect to tlie areas actually disturbed by earthquakes, as 
waves are necessarily raised by them in the sea adj(^ining the lands 
sliakcn, or by the vibration of the rocks beneath it, attention has to 
be directed as to the amount of dry land moved, and the extent to 
which any adjoining portion of the sea-bottom may have been 
simultaneously shaken. For instance, this has to be done with 
the great earthquake of Lisbon, the area disturbed being repre- 
sented as spreatl over a large portion of* the Northern Atlantic, and 
comprising a part of North America, with some of the West India 
Islands (Antigua, Barbadoes, and Martinique) on the one side, 
and a part of Northern Africa and a large portion of Western 
Europe on the other. In such a case the extent to which the 
sea-wave producetl by earthquakes may have been propagated, has 
to be well considered.* 'Ihe known amount of dry land shaken 

* Sir CharlcH Lyc*n (Principles of Geology, 7th iMlit., p. •'144), culls attention to the 
gveut Llshoi\ shock, ns having come In from the ocean, remnrkin;a; that “ a Vine drawn 

2 i . 
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in Europe was alone very large, comprising Portugal, Spain, 
France, the British Islands, the southern portions of Norway and 
Sweden, Denmark, Germany, Switzerland, and the nortli of Italy. 

As respects earthquakes, the transmission of the vibrations has 
to be regarded with especial reference to the kind of substances 
through which an earthquake-wave may have to pass, so that, even, 
for illustration, assuming the impulses given to be equal, the 
extent of the vibrations and their amount might be very materially 
modified/ Mr. Mallet infers that an earthquake “ is the transit 
of a wave of cListic impression in any direction, from vertically 
upwards to horizontally in an azimuth, through the crust of the 
earth, from any centre of impulse, or from more than one, and 
which may be attended with tidal and sound waves, depend* ‘ut 
upon the impulse, and upon the cireiimstanees of pexsition as to sea 
and land.’' At the same time, he admitvS that the truth of this 
view has not yet been fully and experimentally demonstrated. 

The movement of tlu' great earth-wavef is commonly elassi'd a.s 
undidatoiy or vertical, as the ground may bo observed to roll 
onward in a given direction, or siiiqdy rise and lidl in a nearly 
perjKmdicular manner. We have descriptions, in tlu' one ciisr, of 
the surface of the ground moving in a wave-like manner, and in 
the other, (d’ a mere sudden rise and fall, as far as regards a {)arli- 
cular l«x.*ality. Of the latter the great eartlujuake experienced at 
Kiolximba, in 1797, would appear an excellent exumph', many 
hxlies of the inhabitants having, according to Humboldt, Ikhui 
hurled to a height of sevenil hundred fi‘et on the hill of LaCullea, 
beyond the small rlvrr ‘if Lican.J We may readily infer that thes(» 
tw<j classes of earthquake movements arc mily iiKKlifications of the 


through the (ireciftn Archipelago, the volcanic region of Southern Italy, Sicily, 
Southern Spain, and Portugal, >> ill, if prolonged westward through the ocean, strike 
the volcanic group of the Azores hence Interring, as prohahle, their suhtnuMiie 
connection with the European line. 

* Mr. Mallet (Naval Manual of Scientific Emjuiry, /trf. Earthquakes, p. UlT), 
in order to illustrate the transmission of waves through different iniiterialM, supposes a 
person to stand iiiKin a line of railway, near the mil, and tlmt a heavy blow lie stnick 
upon the latter a few hundre*! feet distant. ** He will,” Mr. Mallet n^iarks, “almost 
instantly hear the wave through the Iron rail ; directly after he will feel another wave 
through the ground on which he stands; and, lastly, he will hear another wave 
through the air ; and if there were a deep side^lraiti to the railway, n person iinmersiHl 
in the water would hear a wave of sound through it, the rate of transit of which 
wouM he diffcrcTit from any of the others- all these starting from the same |»oint at 
the same time.” 

f (Admiralty Manual of Scientific Enquiry, Ar(. Earthquakes).- Mr. Mallet 
defines the “great earth-wave” as the “ tnie shock, a real roll or undulation of the 
surface travelling with Immense velocity outwanls in every direction from the centre 
of impulse.” 

X “ Kosmos,” Art. Earthquakes. 
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same thing, and tliat while a spot, such as the town of Riobamba, 
situated immediately over that where the impulse was given, 
should be lifted suddenly upwards, the same shock would appear 
to travel outwards to various distances around, in the manner, as 
often noticed, of waves on the surface of water into which a stone 
has been cast. 

With respect to the vorticose movement, which has been often 
regarded as another class of earthquake motion, we may also, with 
Mr. Mallet, consider it as only a mrxlification of the same kind of 
shock. With regard to the two obelisks at the Convent of St. 
llriino, at Stefano del Bosco, the .stones ol‘ which \verc twisted on 
a vertical axis in a similar manner, without falling, during the 
great Calabrian earthquake of 1783,* and inferred well to illustrate 
this movement, Mr. Mallet has shown, that this, and other cases 
of a similar kind, may be explained by the transmission of the 
ordinary sliock, under a modification of* circumstances by which 
the rectilinear is converted into a curvilinear motion.t In the 
same manner, when the complicated structure of some part of the 
earth’s surface is cvaisidcred, particularly where igneous rocks have 
b(‘en extended among, or otlu'rwise much intermingled with, other 
accumulations, the observer may have reason to infer that, during 
the transmission of an earthquake-wave, the various parts of the 
whole may sometimes be so circumstanced, that a kind of twist 
may be locally given to considerable masses. 

leaking the great earth-wave as the base of all the movements, 
however mcxlified this naiy be according to conditions, the waters 
of seas, lakes, or rivers, re.stlng or flowing upon the solid crust of 
the globe, will have the shock communicated to them. When we 
look at the present distribution of land and sea, and consider 
cartlujuakcs in their generality, these are quite as likely, if not 
more so, to have been puKluced by impulses received beneath parts 
of the great oc’can as beneath dry land. As the rate at which the 
earth-wave would travel, under such circumstances, would be 
greater than that at which the vibnition transmitted to the water 
would proceed, two waves, as Mr. Mallet has pointed out, will 
result. One will arise from the vibration along the surface of the 

* FlKurt ’9 niul dcacriptums of these ohelisks are pi veil hy Sir Charles I.yell in his 
“ Principles of Ceolopy," and in Hr. l>aiibeu>’8 “ Pesoriptioii of Volcanos,” taken 
from the Tratisactions of the llo^ol .Vca4ieniy of Naples. 

t Mr. .Mallet remarks (Admiralty Manual of Scientific Eiu|uiry, Art. Earthquakee), 
that ‘‘ this motion arises from the centre of gravity of the boiiy lying to one aide of a 
vertical piano in the lino of shock, passing through that point in the base on which 
the hotly rests, in which the whole adherence, by friction or cement of the body to its 
support, may be supiwscii to unite, and which may be called Um centre cf adheMkm,** 
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gi*ound, in contact with the bottom of the superincumbent water, 
and becoming apparent in shallow water ; the other lK)in the 
heaping up of the water above a vertical uprise of tlie sca-bottoin, 
such as we may suppose given if Riobamba, in 1797, had been 
beneath the sea. The first is named by Mr. Mallet, the “ forced 
sea-wave,” seen when the shock or earth-wave passe.s beneath or 
into shallow water, whether the eartliquake travels from seaward 
inland or the reverse ; the second lie terms tlic “ great sea-wave.” 

The geological importance of the “ forced sea-wave,” would 
seem much to depend uj.xm the distance at which any shore or 
shallow water may lx; from the sjxit where a chief vertical move- 
ment, cither inland or beneath the sea, has been "given. If this 
were in the ocean far distant from the land, or shallow water, the 
movement communicated to the sea would be small, as also if the 
shock came from the dry land with little intensity, cither from the 
original impulse having been unimportant, or of its force being 
nearly expended. Should, liowever, the vertical movement of the 
earth-wave be close to a coast, wliethcr on the sea or land side, or 
beneath shallow water, then the ‘'forced sea-wave” may merge in 
the “ great sea-wave,” suflicicnt distance not existing to permit 
much distinction. The one wave would precede the other under 
ordinary conditions, the “ great sea- wave” throwing huge mti.sscs 
of water upon the land, mechanically disturbing sea-bottoms to a 
great extent, and often producing ellects of considerable geological 
importance. As Mr. Mallet has remarked, while a “ great sca- 
wave” may be so broad and low in deep water as not to be 
observed in the open ocean, it could break with great force on 
a coast or in shallow water. 

It will be convenient, as has been pointed out by Mr. Mallet, 
so to classify observations on earthquakes, that things accessory 
may be separated from those which are material. Unfortunately, 
as has been remarked by Sir Charles Lyell,* it is only in com- 
paratively recent times that earthquake plienomcna have been 
studied with reference to their real geological bearings accounts of* 
the lives and properties destroyed, with now and then a notice of 
a new lake or island produced at the time, having chiefly occupied 
attention. Whatever may cau.se the shock, whether from a portion 
of the earth being suddenly thrown into motion, witliout violent 
rupture, viewing the subject on the large scale, or from sudden 
and violent fracture, we have to consider not only the depth 
beneath the surface, where the impulse may be given, but also tlie 

* “ Principles of (ieoloRv,” 7th p. 4.31. 
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mineral masses through which the waves have to be transmitted, 
both as regards the kind and relative p^jsition of those masses. 

During violent volcanic eruptions, when, as for instance, in that 
of Toinboro, in Sumbawa, on the 5tli April, 1815, the detonations 
were heard as fur as 970 miles, and with such distinctness, and so 
loud at Macassar, 217 miles distant, that a vessel of war was sent 
out with troops in search of supposed pirates engaged in the 
neighbourhood; it may be assumed tliat vibrations of the earth 
would nwliatc around, as from any point, a, in the annexed plan 
(fig. 145), which may represent any district having such a centre 



of disturbance. Assuming the roar of any great volcanic eruption, 
such as that at Toinboro, to arise from the violent discliarge of the 
vapours, gases, cinders, and ashes through the crater, the vibra- 
tions thereby produced in the adjacent mineral accumulations 
would be felt more or less horizontiilly, according to the variable 
composition and solidity of the substances shaken. Should the 
cause of the earthquake-waves be deep seated, the vibrations on 
the surface would correspond with the radiation of the waves from 
their centre of origin, so that there would be a point where tlie 
shock would be felt vertically.* If b c (fig. 146) be supposed a 


Fig. 146. 



* The great Lisbon earthquake of 1755, felt so severely around a space near that 
city, has been considered a good example of a radiating earthquake with a deep-seated 
source. The earthquake of 1828, experienced in the Netherlands and Ulienish 
Frovincos, is inferred to have been radiating, though loss deeply seated. The area 
most shaken formed an ellipse, comprising Brussels, Liege, and Maestricht, and the 
shocks radiated to Westphalia, and to Middclburgh and Viiessiiigen. lieferring to 
the great ('alabrian earthquake of 1788, also considered somewhat central, Dr. Daubeny 
remarks (Dcsoription of Volcanos, 2iid edit., p. 515), after mentioning certain move- 
ments noticeii, that such earthquakes may have the impelling force situated along a 
IMirticular line of country, although at the points at which it is exerted in its greatest 
intensity, the vibrations arc propagated with greater or css violence in all directions 
atound.” 
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section of part of the earth^s crust, and a a point in a curve, 250 
miles beneath the surface, where an impulse is given producing 
earthquake-waves, these would strive to radiate around, so liu: as 
resistances or facilities would permit, in spherical shells. If the 
substance tlirough which the wave passal was homogeneous, 
for example, a piece of iron, the wave would first tmverse the 
distance a e?, then a d, a /, and a //, in succession, the sh(K;k 
being felt most vertically as regards the surlace of the iron at c, 
and more laterally at /, and most so as regards the section, at//. 
Geologiciil investigations show us that the composition, state of' 
solidification, and hickIo of accumulation of the mineral substances, 
forming so much of tlie earth’s suiflu'e ns wc luive tlie power of 
examining, arc very variable. Hence, if in the foregoing se(‘tion, 
instead of a homogeneous body, we suppose a great mass of mineral 
matter, granite for example, supjx>rting two aceuniulations, one ui 
6, arranged in beds of a hard coherent substance, such as compact 
limestone, and another at c, formed of strata sliglitly cemented, or 
loose sand and pebbles, it will be seen that the shook striking at 
/ might be transmitted readily along the planes of die limestone 
beds, while, though the shock would strike the loose accumulations 
at e more laterally, the wave might be there more complicated 
from the want of sufficient coherence of parts. 

Numerous mcxlilications of the arrangements above noticed will 
readily suggest tlicmscives, more particularly as regards tlic inter- 
ruptions to the course of earthquake-waves by contorted and 
variably-intermingled masses of solid and loosely-aggregated rocks 
in mountainous districts, by the long wide-spread sheets (jf inter- 
stratified and dissimilar substances in some regions, by the fractures 
and altcrati(»ns of mineral masses In others, and by the mixture of 
active volcanic districts with those of very different origin. It 
would be inferred that, on the minor scale, a shock may be modi- 
fied in apparent direction and intensity wh(;n felt amid horizontal, 
or nearly horizontal beds, composed of different rocks, such as in 
tlie following plan (fig. 147), wlicrc / may represent a limestone, 

Fig. 147. 



e {/ a clay, d?i n sandsUaic, and c i a conylonicratc, resting in a 
trough-shaped cavity, as shown in the annexed section (lig. 148) 
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of the same piece of country, formed of hard slates and limestones, 
which had, previously to the deposit of the first-named beds, been 


Fig. 148. 

a cdefyhi h 



tlirown into a vertical position. Taking the shock to pass in the 
direction a b, it could easily traverse the line of vertical rocks 
beiieiitli in that direction, while both the duration and intensity 
may be (bund modified in any town situated upfjn the central 
limestone, j)erhaps a stripe many miles in length, joining finally 
with a considerable sheet of the same substance. It sometimes 
happens tliat earthquakes do not affect certain upper beds, while 
the shock is continued beneath and transmitted onwards. Hum- 
boldt states, that such upper strata, rarely if ever shaken, are by 
the Peruvians termed bridges.* 

Ciu-eful observation sliows tliat shocks are more readily trans- 
mitted in certain lines in particular localities than others, much 
necessarily depending on the direction, either vertically or late- 
rally, from whence these vibrations come, the minor adjustment of 
parts so lost occiisionally amid the whole mass shaken, as not to be 
very readily appreciated. This could scarcely otherwise than 
happen when the source of the shocks remains for any length of 
time sufficiently fixed, and the relative position and structure of 
the rocks composing a region, continue unaltered.^ Changes in 
tliis arrangement have been noticed even within tho last 60 years, 
sufficient to show tliat, cither from local modifications in the causes 
of earthquakes, or in their eflfects, adjustments of this kind may 
become permanently altered, Humboldt mentions that since the 
destruction of*Cuinana, on the 14th of December, 1797, the range 

* “ Kosimos,” ( ICarthquakes). llcmarking on tliis circumstance, Humboldt observes 
(Notes), that “ these local interruptions to the transmission of the shock through tho 
upper strata, seem analogous to the remarkable phenomenon which took place in tho 
deep silver mines of Marienberg, in Saxony, at the beginning of the present century, 
when oartlKpmkc sliocks drove tho miners in alarm to the surface, where, meanwhile, 
nothing of tlu! kind had been experienced. The converse phenoineoon was observed 
in November, 1823, when tho workmen in the mines of Fahlun and Persberg felt no 
movement whatever, whilst above their heads a violent eartliquake shock spread 
terror among the inhabitants of the surface.” 

t The Cordilleras, extending from north to south, and a transverse line ranging from 
the Island of Trinidad to New* Granada, are considered to be shaken in a marked 
manner. “ In a line with botli these ranges,” observes Dr. Daubeny, “ frightful 
earthquakes have occurred, as at Idino, Callao, Riobamba, Quito, Pasto, Cumona, 
Caraccas, &c., by which •U),(KH> iierstms have been known to be at one time destroyed. 
In all these cases the greater cirects have not only been confined to tho range of tho 
mountains, but have pursued Uic direction of tlio coast.” — “ Description of Volcanos,” 
p. 516. 
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of earthquake vibration in that district has so eliaiigcd, that every 
shock has since tliat time extended to the peninsula of Maniquarcz, 
which did not previously happen. He also points to the gradual 
advance of the almost uninterrupted earthquake shocks Irom soutli 
to north, up the valleys ol‘ the Mississippi, the Arkansas, and the 
Ohio, between 1811 and 1813, as showing that the subterranean 
obstacles to the propagation of the earthquake waves had been as 
gradually removed.* 

When earthquake-waves traverse mountain chains, as they have 
been known to do, across the lines of their general range, the com- 
position of such mountains requires much attention. If merely long 
ridges of a homogeneous rock, such as granite or the like, that may, 
as in the subjoined section (fig. 149), descend beneath various sub- 
aqueous accumulations, c and tf, an earthquake- wave could readily 


Fig. 149. 



Ixi transmitted across the ridges a and b Irom e to/, in preference 
to lines corre.spoiuling with them, should this be the general dir(‘C- 
tion of the wave in accordance to the impulse given. In estimating 
the transmission of an eartlujuake-wavc through any portion of the 
earth’s crust, the observer will thus have, as it were, to dissect the 
pjrtion shaken, endeavouring to separate the minor from the 
major effects, duly weighing the probability of the undulation 
passing through, or along such mountain chains lus the Alps, Andes, 
and Himalaya, according to the depth of its cause. He has also 
to see if the slK^cks experienced along great lines, corresponding 
with those of accumulations, however contorted and broken these 
are, may be merely regarded as subordinate to a major motion, 
rnoJilied according to conditions, or be conlormable to the general 
range of the earthquake-wave, regarded with rcicrcncc to the total 
mass shaken. -f The rocks of the same region may be differently 

* “ Kobmos,” Art. Eartliquakcs. 

t As regards the range of earthquakc>wavcs along or across mountain chains, 
Humboldt remarks (Kosmos, Art. Earthquakes), after adverting to mountains trans- 
mitting shocks in lines corresponding with the walls of the fissures along which they 
may be raised, that earthquake-waves sometimes “ inlcrscct sevcrnl chains almost at 
right angles ; an example of which occurs in South America, where they cross both 
the littoral chain of Venezuela jmd the Sierra Parime. In Asia shocks of carthfiuakcs 
have been propagated from Lahore and the foot of the Himalaya (22nd of January, 
18.32), across the chain of the Hindoo (Joosh, as far as Badakschan, or the U))|)cr Oxus, 
and even to Bokhara.” As regards earth<iuakc waves traversing mountain ranges, 
Dr. Daubeny (Description of Volcanos, 2iid edit., p. 511}) (juotes also that of 1828, 
w’Mch crossed the Apennines from Voghcra, by Bochetta, to (icnoa. 
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aflectcd if the wave be propagated from a great depth, than when 
tlic undulation lias been produced by a less deep-seated cause. 
The transmission of the wave amid them might, in the first case, 
be a mere modification of some great movement, common, as in 
the Lisbon earthejuake, to a large portion of the earth’s crust, 
while in the second the same rocks may be directly acted upon in 
the first instance. Hence the importance of observations as to how 
liir, during any given earthquake, particular districts, even great 
mountain ranges, may be considen^d to transmit a primary wave, 
or some modification of it. 

As the earthquake- wave would pass with different velocities 
through diflcrcnt rocks,* it would follow that while the particles 
may so yield in some that fracture may not be produced, cracks 
and dislocations could be effected in others. Even in the simple 
arrangement of sheets of the one class above the other, the whole 
acted on laterally by an earthquake-wave, one set of rocks may be 
dislocated, the other returning to its original state, in the same 
manner as if the observer were to cover a sheet of copper with 
plaster of Paris, and throw both into vibration, when the latter 
would be broken, while the copper remained sound. It is easy to 
conceive, independently of the different conditions of the upper to 
the lower beds of rock, composing a series of horizontal or nearly 
horizontal deposits, as regards difference of pressure upem them, 
that tlie lower may be, from heat beneath, not in so fragile a state 
as tliose above, and be capable of more ready vibration without 
1‘racture. Thus many cracks and fissures may be made, not 
penetrating to great depths, and yet extending sufficiently beneath 
tlic surface to permit the ejection of water, mud, sand, or other 
easily-expelled binly, out of them, and some of these may again 
so close as to envelope any substances which may liave fallen into 
them, while others continue permanently open, the new adjustment 
of parts produced by the earthquake-wave not permitting a perfect 
return to the old conditions. Of such fissures formed during 
earthquakes there is abundant evidence, their forms very variable, 
as would be anticipated from the complicated rock accumulations 
frequently shaken, their complexity of structure often concealed 
by coverings of deposits, perhaps only a few hundred feet thick, 

* Mr. Mallet points out (Adniirnlty Manual of Scientific Enquiry, Art. Earth- 
(luakos) that “ iin erroneous notion of Uie dimensions of tlie great cartli-wave must 
not be formed from its being called an undulation - ils fv/oriVy of translation up(K>ars 
to bo frequently as much as 30 miles per minute, and the wave or shock moving at 
this rate often takes 10 or 12 seconds to i>ass a gi\en point ; hcucc its length or 
amplitude is often several miles.” 
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while the mass thrown into vibration may extend downwards 
many thousands of feet, if not many miles. Inverted conical 
cavities have been so frequently noticed after earthquakes in plains 
and loosely-aggregated deposits, that they deserve attention. Water 
is usually mentioned, as having risen through them, as il‘, during 
the earthquake, it had been violently driven through points in 
the loose groimd.* 

That at the junction of loose or slightly-consolidated deposits, 
such as sands and gravels, with hard rocks, the latter rising through 
the former, so that when the whole bi'caine violently shaken there 
should be settlements of lucohoi'cnt substances, with fissures and 
mounds of adjustment, would be anticipated, and is on record. 
During the great earthquake of Calabria, in 1783, this seems to 
have occurred to considerable extent. In the great Jamaica earth- 
quake of 1692, this shaking oft‘, as it were, of loose materials, 
appears to have produced the “ swallowing up,*’ as it has been 
termed, of Port Royal. D(Kmments which have been preserved 
fortunately show that the part of that town which then disappeared 
was built upon sands accumulated against and around a rock, 
which, though shaken by the earthquake, retained its place as 
respects the level of the adjoining sea. The darkly-sliadcd parts, 
P and C, in the annexed plan (iig. 150), represent those which 



♦ Circular cavities were formed in the plains of Calahria during the carth<iuake of 
178.3. They arc described as commonly of the* size of carriage->^h('elH, sometimes 
filled with water, more frequently by sand. Water appears to have spouted through 
them. (Lyell’s Principles of Ocology, where a view and section of these cavities are 
given). During the earthquake of I82a, in Mercia, numerous small circular apertures 
were fiirmed in a plain near the sea, whence black mud, salt water, and marine shells 
were ejected. (Ly ell’s Principles, and Fcrussac’s Bulletin, 182‘K) After the earth- 
quake of 1800 at the Cape of Good Hope, the sandy surface of Blauweherg’s Valley 
was studded with circular cavities, varying from six inches to three feet in diameter, 
and from four inches to a foot and a half in depth. Jets of coloured water arc statctl 
to have been thrown out of these holes during the earthquake to the lioight of six 
feet. (Phil. Magazine, 1830.) During the Chili earthquake of 1822, sonds were 
raised up in cones, many of wliich were truncated, with hollows in tlioir centres. — 
Journal of Science. 
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remained standing after this earthquake, and arc considered to be 
based on a white compact limestone, common in that part of 
Jamaica, a, a, a, a, and L form the boundary of Port Royal prior 
to the earthquake ; N, N, N, the restoration by sand, drifted by 
prevalent breaker and wind action, at the close of the last century, 
and 1, 1, L, and H, subsequent additions effected by a continuance 
of’ the same causes to about the first quarter of the present cen- 
tury.* The settlement of the loose sand, combined with the 
sea-wave caused by the earthquake, appears to have produced all 
the efiects observed during this earthquake at Port Royal, no 
mention being made, amid the details extant, of any permanent 
cliange in tlic relative level of the sea and the part of the town 
preserved.t 

In like manner landslips take place on the sides of mountains 
and from sea-cliffs during earthquakes, some of’tcn of considerable 
magnitude. When the numerous slips of this kind which occur in 
mountainous and even hilly districts and along coasts arc considered, 
as well as the frequent fall of* rocks from tlic effects of ordinary 
atmospheric influences, it could scarcely otherwse than happen 
that when such districts are violently shaken, settlements of varied 
kinds are cft’ected. Looking at the sources of springs, and especially 
of’ those which rise through joints and fissures, that these should be 
disturbed, and that matter should be subsequently thrown out 
mechanically suspended in the water, would also be anticipated. 

The “ great sea-wave” produced by earthquakes, sometimes 


♦ There a^c documents to show the rate at which the long stripe of sands, known 
as the Palisades, was prolonged, so as to join the mainland of Jamaica with the 
ground on which Port Royal is built. From the evidence of Captain Hals, who 
aocompnniod Penn and Venables to Jamaica in 1655, it appears that the sands of the 
Palisades (the drift of the prevalent winds and breakers, as noticed in the text) were 
separatetl from the town by a narrow ridge of sand just appearing above water, an 
accumulation within about 17 years, for at that time Port Royal formetl an island. 
Prior to the earthquake the junction was complete, as representeil on the plan. 

t Heavy brick houses were built on thcsaml ; and it is stateii (Philosophical Trans- 
actions, 10*.»4), that “ the ground gave way as for as the houses stood, and no further, 
part of the fort and the Polisados on the other end of the houses standing.’* Sir Hans 
Sloano says, “ The whole neck of land being sandy (excepting the fort, which was 
built on a rock, and stood) on which the town was built, and the sand kept up by the 
Palisades and wharfs, under which was deep water, when tlie sand tumbled, on the 
shaking of the earth, into the sen, it covered the anchors of ships riding by the wharfs, 
and the foundations yielding, the greatest part of the to\^’n fell, great numbers of the 
people were lost, and a good part of the neck of land, where the town stood, was 
throe fathoms covered with water.” Long (History of Jamaica) says, The weight of 
so many large brick houses was justly imagined to contribute, in a great measure, to 
their downfall, for tlie land gave way as far as the houses erectcHl on this foundation 
stood, and no further.” Dr. Miller, of Jaunaica, was infornuHi that it was a tradition 
at Port Royal, prior to 181.5, among tlie descciidauts of thecau’ly scttlei*s, that the great 
damage was produced by the slipping of the sand during the earthquake. 



428 BREAKING OF GREAT SEA-WAVE ON COASTS. [Cn, XXII. 

aids materially in the modification of the coasts sliakcn, seizing 
and transporting before it masses of matter which could not bo 
moved under ordinary circumstances, and tearing up deposits 
thrown down in, or raised to, shallow situations, "flic magnitude 
of these waves is occasionally very considerable, tliougli no doubt 
this may often have been much exaggerated from the terror ol tliosc 
endeavouring to escape from them. In tlie Jamaica earthquake of 
1692, “ a heavy rolling sea” followed the shock at Vori Iloyal, 
and the ‘ Swan’ frigate, which was by the wharf* careening, m\s 
borne by it over the tops of houses, and some hundreds of* persons 
escaped by clinging to her. The sea-w^avc of* the Lisbon earth- 
quake of 1755 rose to the height of 40 feet in the Tagus, leaving 
the bar dry as it rolleil inwards, followed by others, each less in 
importance, until the water again returned to its ordinary repose. 
The sea -wave of the same sh(x;k was 60 feet high at Cadiz, 18 feet 
at Madeira, and, under modified conditions, was felt on the coasts 
of Great Britain and Ireland, rising 8 to 10 feet on the coast of 
Cornwall. The shock was experienced at sea so severely, that 
vessels were thought to have struck tlie ground, and it is worthy 
of remark, as regards the locality over which the great sea-wave” 
may have had its origin, that on board a ship 120 miles west of 
8t. Vincent, the men on deck were violently thrown ‘'perjjcn- 
dicularly upwards to the height of a foot and a half.* The coasts 
of Chilit and Peru have sullcrcd from similar waves ; and in the 
great Calabrian earthquake of 1783 the shore of Scilla was in- 
undated by one rushing 20 feet high over the low grounds. Such 
waves are, indeed, sufficiently common, thougli seldom prominently 
noticed unless productive of considerable effects. The sudden rise 
and fall of the sea observed in so many harbours of the world, as 
well in tidal as tidelcss seas, evidently independent of tlie tides in 
the f*ormer and not due to wind-wave undulations prolonged to the 
shores, often seem little else than the continuation of these waves 
reaching coasts where the earthquake itself has not been noticed. 

WJiile the earthquake movement is tlius communicated to the 
waters of the ocean, minor volumes of water, even small lakes and 
rivers of all kinds, cannot be otherwise than more or less affected 
by it. According to the form of the bottom, situation as regards 

• Lyell, “ Principles of Geology,” 7th edit., p. 475. 

f Sir Charles I.yell remarks (Principles of Geology, 7th edit., p. 478), respecting 
the destruction of the ancient town of Conception (called Pc»nco), in 1751, an earth- 
quake sea-wave rolling over It, that “a series of similar catasirophes has also hocn 
traced back as far os the year 151H),” including one in 17.‘10. In ISaf), the town also 
suffered from a “ great sca-wavc.” 
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tlie range ol* the shock, and size of the lakes and enclosed seas, 
the intensity of the earthquake-wave being the sarae, will neces- 
sarily be the effects produced. The inland seas and lakes would 
be like so many basins or troughs of varied forms filled with w'ater. 
We can conceive important geological modifications on the shores 
of districts adjoining Lake Superior, for example, when situated 
immediately above such an impulse as threw up men vertically to 
considerable heights at Hiobamba, in 1797, or jerked sailors up- 
wards off the decks of a vessel, 120 miles from sliorc, during the 
earthquake of Lisb(m in 1755. In connexion with the earth-wave 
around the centre of the great Lisbon slKX?k, the waters of Ix)ch 
i.omond, even though this earth-wave was then transmitted so far, 
are represented to have Ixicn thrown two feet f mr inches high on 
tlic sliorcs. As respects rivers, should the shocks pass up their 
courses, and the undulations be considerable, their waters would be 
precipitated onwards, or rolled back into tlie troughs or hollows 
formed, Jis the vibration passed onwards, gushes of water rolling 
afterwards down their channels in a(X?ordanee with the temporary 
interruptions to tlieir usual flow. Should fissures be formed dur- 
ing the undulation, and not remain more permanently open, the 
river waters rushing into them might be suddenly discharged out 
of them upon their again closing.* 

Accounts of earthquakes contain such frequent mention of gases 
and llamcs evolved from fissures during shocks, that although 
there may be many exaggerations and mistakes on this point, there 
would appear little doubt of their occurrence. The emission of 
(lame is interesting, whether it be produced by the escape of gases 
simply inllaining by rising into the atmosphere, or from causes 
more resembling those obseiwcd in volcanos (p. 323). In the latter 
case we should have to infer the fracture of rocks down to the 
needful supply of volcanic gases. The emission of steam as well as 
flame would seem still more to show tliat the fissure was opened 
down to depths where considerable heat existed. In the instance 
of the earthquake of Cumana in 1828, where the water hissed and 


• The efleots protiuceti by tho eartlupiakes in the Valley of the Mississippi in 
1811-1S12 are liit^hly instructive. Sir Charles I.yell 1ms not only collecteii valuable 
information respecting them, but has also personally examined the region then 
shaken, 'fhe ground near New Madrid is mentioned as having been so disturlnnl 
that the Mississippi was arrested in its coum\ and a temporary reflux produced 
Large lakes were forminl in the course of an hour, twenty miles in extent, and others 
were draineil. Hundreds of dwp chasms were pnHluced,\^hich remained open many 
years afterwonls, and during the shock large volumes of water and sand were thrown 
out of them. Sir Charles Lyell found, in l8-k>,thc remains of many of these fissures 
extending for half a mile and upwanls.— Principles of Geology, 7th edit,, 1847. 
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bubbled up round a vessel in the harbour, ns if a hot iron hod been 
thrust in it, and when, on weighing the anchor, it was found that 
the links on part of her chain cable had been elongated from two 
inches in diameter to the length of three and four inches, there 
would appear proof of some sudden communlwition by a lissure 
with great heat.* In regions composed either wholly or in part o( 
such accumulations as those of the great coal deposits of EurojK' 
and North America, and where fissures descended to depths whence 
great heat could rise upwards through them, not only iniglit such 
gases as earburetted hydrogen, disseminated amid such deposits, 
and to a certain extent liberated, be intlamed, but even from the 
access of atmospheric air for a time, the broken parts of the coal 
beds themselves might be burnt, pralueing certain secondary 
effects in such districts.f 

The shocks are often, but not always, accompanied by noises, 
transmitted through tlie ground. These arc necessarily of very 
different kinds, from the varied conditions under whieli they may 
be transmitted. According to lJumboldt, the great shock of 
Riobamba (4th February, 1797), was unaccompanied by any noise, 
while at the cities of Quito and Ibarra the great detonation of the 
same sh^ck occurred eiglitecii or twenty minutes afterwards. As 
an example of the great distance to which subterranean noises may 
be transmitted, without earthquake sh<jcks, he adverts to the noise 
like thimder heard over an area of several thousand square miles 
in the Caraccas, the plains of Calaboso, and on the banks of‘ the 
Rio Apurc during the eruption of St. Vincent, in 1812, this being, 
as Humboldt remarks, in point of distance, as if an ci;uption of 
Vesuvius should 1x3 heard in the north of France. He also points 
out, that in the great earthquake of October, 1746, at lama and 
Callao, a noise like a subterranean thunder-clap was heard a quarter 
of an hour later at Truxillo, unaccompanied by any shaking of 

* “ During the earthquake of 1828 at Cuinana, an Knglish vessel in the harbour 
was suddenly enveloped in mist, and noise like distant thunder was heard. At the 
same time a shock was felt, and the surrounding water hissed as if a hot iron had been 
introduced into it, sending up a number of bubbles, accompanied by a smell of sulphur. 
Multitudes of dead fish floated on the surface. On weigliiiig anchor, it was found 
that one of the chains which connected it with the vessel, lying on soft mud, had 
been melted, and the rings, which were two inches in diameter, ha<l been stretched to 
the length of three or four inches, and become much thinner than before.” Daubeny 
(Description of Volcanos, p. .'>28.) 

t Any accumulation of gas, or of substances rendered li([uid by pressure ready tt) 
assume the gaseous form when this is removed, vrould be expected to escape upwards 
should earthquake fissures traverse or extend to them. Humboldt notices (Kosmos) 
that during the earthquake of New Granada (16th November, 1827), carbonic acid 
issued from fissures in the Magdalena River, suffocating snakes, rats, and other animals 
living in holes. 
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the ground* These are merely, as will be apparent^ the trans* 
mission of the earth-wave through fair conductors, such as most 
solid rocks, beyond distances where any tremulous motion of the 
ground is apparent. When noises precede earthquake shocks of 
importance, and these arc sometimes noticed, they would chiefly 
appear to arise from vibrations insufHcicnt to be termed earthquakes, 
succeeded by tliosc which arrest attention, the greater earth-waves 
being alone regarded. The continued subterranean sounds heard 
during a montli at Guanaxuato, in 1784, afford a good example of 
such noises, unaccompanied by vibrations sufficiently sensible to be 
termed cartliquakcs.* 

The permanent elevations and depressions of land accompanying 
cartliquakcs require to be well considered, apart from the great 
earth-waves and their consequences, since such waves may be 
merely movements resulting from the cause producing these per- 
manent relative changes of level, sometimes extending over con- 
siderable areas. It will be readily seen that a force acting from 
the interior of the earth outward, rending and otherwise disturbing 
portions of its solid crust, could throw such portions into motion, 
causing earth-waves, which, though often so terribly disastrous to 
man and liis works, arc nevertheless insignificant when measured by 
a very minor part of‘ the earth’s radius. We have seen (p. 381), that 
molten matter raised upwards into cracks fonned in the relatively 
small mass of a volcano will increase its volume, raising the ground 
around in a manner which may produce changes of importance 
wlieii near shores. An observer would therefore be prepared to 
expect tliat where there may be no very ready outlet, such as a 
crater or the sides of a volcano may present, for a greater mass 
of molten matter pressing to overcome superincumbent obstacles 
to its escape, greater fractures, extending over wider areas, may 
be formed, throwing the fractured and adjoining rock masses into 
movement, molten rock remaining in its new position as far as 
circumstances will permit. In such a case, the earthquake would 
be merely a secondary effect consequent on the exertion of force 

♦ “ Kosmos,” Art. Karthquakes. Humboldt obtained good evidence on this subject. 
The noise began on the 9th .lamiary, 17S4, at midnight. From the I3th to the 16th 
of the same month “ it was as if there were heavy storm-clouds under the feet of the 
inhabitants, in which slow rolling thunder alternated with short thunder-claps. The 
noise ceased gradually as it commenced : it was confined to a small space, for it was 
not heard in a basaltic district at the distance of only a few miles.” “ Neither at 
the surface nor in the mines, 1,598 English feet in depth, could the slightest trembling 
of the ground be perceived.” ‘‘Thus,” he adds, “as chasms in the interior of the 
earth close or open, the propagation of the waves of sound is citlier arrested in its 
progress, or continued until it meets the car,” 
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raising the gi*ound upwards. Altliougli allusion has been made to 
molten matter raised upwards over a large instead of a minor area,* 
the surface ol‘ the earth might be rent, earthquakes prod need, and 
land permanently elevated, as will be noticed hereafter, by (he 
mere expansion of a considerable portion of the eartli’s crust, (he 
resistances upwards being in the end somewhat suddenly (over- 
come. 

From tlie adjustment of the minor volume oi‘ a volcanic moun- 
tain, to that of great masses of the earth’s crust, by which jvarts 
may be cither raised or depressed, and this by such sudden move- 
ments that earth-waves of various magnitudes are communieati'd 
to the adjacent n^cks, no slight modilications would be expected. 
The gcoLogical importance of the rise or depression of land, espe- 
cially on sea-coasts, at the time of earthquakes, being fully recog- 
nized, it is very desirable that, whenever opjoortunities prc*sent 
themselves, exact researches as to the amount ol‘ rise or depression 
above or beneath a somewhat permanent datum level should l)e 
undertaken. The mean tide level on oceanic coasts is very de- 
sirable for this purpose, when available, and may often readily be 
obtained with sufficient accuracy. In certain estuaries an alter- 
ation in the bottom of the seaward portion might influence the 
tides, so that a greater or less amount of water could flow upwards 
to situations where no real change of the relative level of land and 
the main sea had been effected. An observer will see, by reference 
to charts of estuaries, especially those with extensive bars at their 
mouths, how materially tides might Ixj influenced in their action 
by moderate elevations or depressions at their mouths. In some, 
where the amount of water entering with the flood tide i.s so im- 
portant in keeping a channel clear upon tlie ebb, especially where 
a shallow coast is exposed to heavy breaker action, the volume of 
water passing up or down might be most materially modilied. 

Modern observations on the western coasts of America, which, 
fortunately for these researches, is so truly oceanic, uncut by great 
rivers, have successfully established the rise of extensive lines of 
coast during earthquakes. At the time of that of November, 1822, 
felt from north to south for a distance of about 1,200 miles,, the 
coast was raised four feet at Quintero, and three feet at Valpa- 
raiso above its former level ; and Mrs. Graham records that oysters 
and other molluscs were elevated out of the sea, becoming offensive 
' as they decomposed.* Dr. Meycn found, nine years afterwards, 


Ceologicttl Transactions, 2n(l scries, vol. i. 
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sca-wcc(l and shells odhcriTi" to the coast thus raised, and infers 
it was so to the height ol* about four feet along central ChilL Sir 
Charles IjjcII, detailing the evidence as to the rise of land at the 
time of tills earthquake, considers that if the estimate of the mass 
moved be correct, namely, that superficially it* extended over 

100.000 scjuarc miles, the area elevated would be equal to half tliut 
f)l‘ France, and live-sixths that of Great Britain and Ireland, so 
that only giving two miles for the depth of the mass raised, 

200.000 cubic miles of mineral matter were elevated above their 
previous position at that time.* 

At the time of the earthquake on the coast of Chili in 1835, 
when the towns of Ctmeeption, Talcahuano and Chilian suffered 
so seriously from the shocks, t much land was also raised. Captain 
Fitzroy, who was then engaged in a survey of the coast, states 
that the sea did not for some days fall, by four or five feet, to the 
usual marks ; and that “ even at high-water, beds ol* dead mussels, 
numerous chitons, and limpets, and withered sea-weed, still ad- 
hering, though lifeless, to the rocks on which they had lived, every- 
where met the eyc.”| The amount of rise gradually diminishixl, 
so that about two months afterwards, the coast was within two feet 
of its former level, a kind of settlement after the first upheaval 
having been effected. 

During the earthquake of Cutch, in June 1819, the surface of a 
wide area was so acted upon, tliat part became depressed beneath 
and part elevated above, its former general level. The Bunn of 
Cutch, as it is termed, is the lowest part of a considerable district 
situated between the eastern branch of the delta of the Indus and 
the Loonce river. The area is estimated at about 7,000 square 
miles, and is so slightly above the level of the sea, that during the 
monsoons sea waters are driven up from the Gulf of Cutch and the 
creeks at Luckput, overflowing a large part of the Bunn, the sub- 
sequent evaporation of the waters sometimes leaving a deposit of 


* “ Principles of Geology,” 7th cilit., p. 43G. 

t Tiiough there was one chief shock, there are consiilcred to have been more than 
300 minor shocks subsequently, between the 20th of February and the 4th March. — 
Lyell, “ Principles,” 7th edit, p 43.3. 

X (Captain Fitzroy adds (Voyages of Adventure and Beagle, vol. ii.), with resi)ect to 
the Island of Santa Mario, south-east from Conception, that its southern extremity 
“ had been raised eight feet, the middle nine, and the northern end upw'aixbi of ten 
feet.” * ♦ ♦ «An extensive rocky flat lies around the noi'thcrn parts of Santa 
Maria. Before the earthquake this flat was covereil by the sea, some projecting rocks 
only showing themselves ; now the whole flat is ex^wsed, and square acres of it are 
covered with dead shclbflsh, the stench arising from which is abominable. By this 
elevation of the land, the southern port of Santa Maria has been almost destroyed, 
little shelter remaining there, and very bad landing.” 
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8^t a^ut aa inch thick. It is also described as Uable to be occa- 
sionally overflowed in parts by river water. As a whole, it seems 
to he a district peculiarly favourable for Imving any modifications 
of its surface marked by changes in the position of water flowing 
over, resting upon, or bounding it. From the facts accumulated 
respecting the earthquake of 1819, by Sir Charles Lyell,* it would 
appear that immediately after the chief shockf a mound was found 
to be raised across the eastern branch of the Indus more than 50 
miles in length from east to west, and in some places 16 miles in 
breadth, with a height of 10 feet. This was named by the inlia- 
bitants the Ullah Bund, or Mound of God. At the same time 
a submersion of land was ellected on the south of the Ullali 
Bund, into which the sea flowed up the eastern channel of the 
Indus, converting an area of 2,000 square miles of land into a great 
sea lagoon. The village of Slndree, situated on the land border- 
ing the river prior to the earthquake, was submerged, the tops of 
the fort and houses being alone visible above the waters.^ At 
Luckput, further down the Indus, the river which was there ford- 
able at low water, being then only about a foot deep, became 
afterwards 18 feet deep at the same time of tide. Other portions 
of the channel were also found to be deepened. The course of the 
Indus is described as much unsettled after the earthquake, and the 
river finally cut through the Ullah Bund in 1826, throwing such a 
body of water into the salt lagoon, formed during the earthquake, as 
to render the water fresh for many months, though it became again 
salt in 1828. § Being in the course of such a river, it would 
be expected that this submersion would be obliterated by the 
usual transport of detritus into it, a change now in progress, 
the lagoon having been found diminished both in size and depth 
in 1838. 


* “Principles of Geology,” 7th edit., pp. 437-441. 

t Shocks are mentioned as having been felt from the 16th of June, the day of the 
great earthquake, to the 20th, when it is said an eruption broke out at the volcano of 
Denodur, 30 miles N.W. from Bhooj, the vibrations then ceasing. The chief shock 
was felt destructively at Ahmedabad, and feebly at Poonah, 400 miles more distant. — 
Lyell, “ Principles,” p. 437. 

X llemarking upon the houses not having been thrown down (Bhooj, the principal 
town of Cutch was converted into a heap of ruins by this earthquake), Sir Charles 
Lyell observes that, “ had they been situated, therefore, in the interior, where so 
many forts were levelled to the ground, their site would, perhaps, be regarded as 
having remained comparatively unmoved. Hence wo may suspect that great perma> 
nent upheavings and depressions of soil may be the result of earthquakes, without the 
inhabitants being in the least degree conscious of any change of level.” 

§ It is represented as having been more salt than the sea, and the natives, according 
to Sir A. Burnes, supposed that it was so from a solution of the salt w ith which the 
“ Runn of Cutch ” is impregnated. — Lyell, “ Principles,” p. 439. 




CHAPTER XXIIL 

QUIKT RISE AND SUIISIDENCE OF LAND. — RISE AND DEPRESSION OF COAST 
IN THE BAY OF NAI'LES. — ELEVATION AND DEPRESSION FROM INCREASE 
AND DECREASE OF HEAT. — GRADUAL RISE OF LAND IN SWEDEN AND 
NORWAY. — RAISED COASTS IN SCANDINAVIA.— GRADUAL DEPRESSION OF 
LAND IN GREENLAND. — MOVEMENTS OF COASTS IN THE MEDITERRANEAN. 
— UNSTABLE STATE OF THE EARTH’S SURFACE. 

In volcanic regions where there is sufficient activity to show that 
the vents are merely in a half-dormant state, or where, from time 
to time, thougli the eruptions may occur occasionally after even 
considerable intervals of comparative repose, volcanic action pro- 
duces very marked effects on the surface, we should expect that 
there would sometimes be quiet elevations or depressions of the 
ground. Differences in the relative level of the sea and land could 
be caused by the variations of heat to which the hard rocks or 
other mineral accumulations may be exposed, such differences 
producing effects likely to be appreciated by the . inliabitants of 
coasts only in proportion as tlic areas acted upon may, or may not, 
be more or less covered by water, or be left dry. Changes of 
temperature which could in so short a time deprive a volcanic 
mountain, such as Cotopaxi in the hot, or such as those in Iceland 
in the cold regions, of their snows, could scarcely but be attended 
with the expansion of the accumulations acted upon. How far 
minor volcanic areas may permanently, so far as regards a cer- 
tain amount of time, remain elevated or depressed, would depend 
upon the conditions under which such areas may be generally 
placed. A minor volcanic area exhibiting considerable activity at 
one time may present a mass of mineral matter more heated, and 
be, consequently, more expanded than at another when this activity 
may cease, even only for several centuries. 
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wktiyely to the level of on adjoining aea, assuming 
tfcil ttiere aie no difficulties respecting the permanency of the lat- 
tott B8 imglit happen^ especially as regards tidal seas, there may 
l>e mucli uncertainty as to how far the one or the other has been 
slow and trancpiil The sudden uprise or depression of land dur- 
ing earthquakes does not necessarily suppose such undulations and 
vibrations of the ground as always to overthrow the works of man, 
though on coasts the resistimce offered by them to a great sca- 
wave, rolling furiously over the sliore, in conscciucncc of tlie 
earth-wave, may often be very limited. Great caution is evidently 
needed on this head, so that a slow continuous elevation or de- 
pression of the land, relatively to the level of llic sea, be we!! 
separated from its sudden rise or fall at the time of an earth- 
quake. 

As regards a minor area in a volcanic district exhibiting rela- 
tive changes of level within the historic period, tlic coasts of part 
of the Bay of Baiaj, Naples, have been regarded as affording suf- 
ficient proof. Whether these changes may have been more or 
less sudden, or were gradual and continued through a somewhat 
long time, has not been altogether settled. Looking at the kind 
of country acted upon, a change of level, sometimes slow, at 
others sudden, would not appear inconsistent with the facts 
noticed. With respect to the probable dates at which the changes 
of level were effected, the Temple of Jupiter Serapis, at Puzzuoli, 
has been considered as affording good approximations. The main 
fact is, that three marble columns, somewhat more than 40 feet 
high, slightly out of the perpendicular, are smooth and uninjured 
to the height of 12 feet, above which, for 9 feet, they arc perfor- 
ated by the Lithodomus, a common and existing boring mollusc of 
the Mediterranean. The remainder of the columns, all of which 
exhibit the same fact, at the same heights, only show the usual 
effects of atmospheric exposure. On the pavement of the temple 
are other broken columns of marble perforated in certain parts, 
some of them bored not only on the exterior, but also in the cross 
fracture. The inference from these facts has been, that the lower 


parts of the column were protected by some deposit during sub- 
mersion beneath the sea, the columns standing erect, or nearly 
so, while the part above was perforated, and consequently in 
water suflicicntly clean for the animals to live in, bore, and 
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obtain their food, the remainder rising above the sea, or 
submerged to a depth beneath which the Lithodamm usually 
lives. This supposes the. building of the temple on dry land, its 
submersion beneath the sea to between 20 and 30 feet, and its 
subsequent emergence, as now seen ; so that the platform of the 
temple is about one foot, or thereabouts beneath the high water 
mark of the small tides of the Bay of Naples. From the various 
circumstances connected with this locality, Sir Charles Lyell in- 
fers, respecting the ground forming the foundation of the temple, 
that “first, about 80 years before the Christian era, when the 
ancient mosaic pavement was constructed, it was about 12 feet 
above its actual level, or that at which it stood in 1838 ; secondly, 
towards the close of the first century after Christ it was only six 
feet above its actual level ; thirdly, by the end of the fourth cen- 
tury it had nearly subsided to its present level ; fourthly, in the 
middle ages, and before the eruption of Monte Nuovo, it was 
about 19 feet below its present level; lastly, at the beginning of 
tlie present centuiy it was about two feet two inches above the 
level at which it now stands '' ^n 1838.) * 

The evidences of recent change? of the relative level of sea 
and land, even as respects the works of man in the vicinity, are 
not confined to the temple of Serapis. Mr. Babbage mentions 
tliat at the sixth pier of the Bridge of Caligula, at Puzzuoli, a 
line of perforations by the Lithodomm, and other indications of a 
water level, are found four feet above the sea, as also at ten feet 
above the present sea level on the twelfth pier, and points to the 
broken columns of the Temples of the Nymphs and of Neptune, 
as remaining now standing in the sea.f With respect to the 
columns of the latter temple. Sir Charles Lyell observes, that as 
they now stand erect in five feet water, just rising to the surface 
of the sea, their pedestals buried in the mud, if the sea bottom be 
raised, and the covering accumulations removed, they might ex- 
hibit similar appearances to those observed at the Temple of 
Serapis.f Roman roads are mentioned as under water, one be- 
tween Puzzuoli and the Leucrine Lake, and another near the 
Castle of Baiac. A road with some fragments of Roman buildings 


* “ Principles of Geology,” 7th edition, in which Sir Charles Lyell gives the results 
of his personal examination of the district, as published in the early editions of the 
same work, and the chief facts mentioned by otJier authors, 
f Proceedings of the Geological Society of Loudon (March 1834), vol. ii., p. 74. 
i “ Principles of Geology,” 7th edition, p 401. 
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is beneath the level of the sea on the Sorrento side of the Bay of 
Naples ; and in the island of Capri, one of the palaecs of Tiberius 
is covered by water.* 

Independently of these evidences connected with the works of 
man, of changes of the relative level of sea and land, there is also 
geological evidence of the same movements within a comparatively 
recent period. Mr. Babbage mentions a line of perforations by 
the LithodomuSy like those on the columns of the Temple ol 
Serapis, 32 feet above the present level of’ the sea, in an inland 
cliff opposite the island of Nisida.t Sir Charles LycU points to 
this cliff and other facts as capable of proving these changes, even 
if human works in the Bay of Naples had not afforded the evidence 
above noticed ; and which, taken in connexion with that furnished 
by the geological facts observed, would appear to show an unecjual 
elevation and depression of the land in different parts of an area 
comprising this bay. 

In accounting for the gradual sinking and rising of the ground 
on which the Temple of Serapis is based, and of’ which he con- 
cludes there is sufEcient evidence, Mr. Babbage adverts to tlic 
changes of volume which might be produced in the subjacent 
accumulations by the difference of heat in them at different times ; 
an important consideration, not only as respects a minor area of 
this kind, but also the elevation and depression of’ great masses of 
land, constituting even considerable portions of continents. He 
observes, that ‘‘ in consequence of the changes actually going on 
at the earth’s surface, the surfaces of equal temperature within its 
crust must be continually changing their form, and exposing thick 
beds, near the exterior, to alternations of temperature and, that 
“ the expansion and contraction of these strata will probably form 
rents, raise mountain chains, and elevate even continents.”t With 
respect to these greater results, Mr. Babbage refers (1) to tlie 
increase of temperature found as we descend beneath the surface of’ 
the earth ; (2), to the expansion of solid rocks by heat, while clay 
and some other substances contract under the same circumstances ; 
(3), to different mineral accumulations conducting heat unequally ; 


* Professor James Forbes, “ Physical Notices of the Bay of Naples;” Brewster’s 
Edinburgh Journal of Science, vol. i., new series. 

t “ Observations on the temple of Serapis, at Puzzuoli, near Naples; with remarks 
on certain causes which may produce geological cycles of great extent,”— Proceed- 
ings of the Oeological Society of I<oudon (March, I8.‘U), vol. ii., p. 47. 
j Proceedings of the Geological Society of London (March 1834), vol. ii., p. 75. 



Cii. XXIIL] FROM INCREASE OR DECREASE OF THEIR HEAT. 439 

(4), to the different radiation of heat from the earth, or at different 
parts of its surface, according as it is covered with forests, with 
mountains, with deserts, or with water; and (5), to existing 
atmospheric agents and other causes constantly changing the con- 
dition of the surface of the globe. Applying these views to the 
ground on which the temple of Serapis is placed, Mr. Babbage 
supposes it to have had an elevated temperature when this temple 
was first erected, and that it ‘‘ subsequently contracted by slowly 
cooling down; and that when this contraction had reached a 
certain point, a fresh accession of heat from some neighbouring 
volcano, by raising the temperature of the beds, again produced 
a renewed expansion, which restored the temple to its present 
level.”* 

Quitting the minor area of Naples, where complications may 
arise from the volcanic character of the district, it fortunately 
occurs, that in Northern Europe observations have been sufficiently 
long and carefully continued to prove that a mass of land in Nor- 
way and Sweden has been slowly and tranquilly rising above the 
level of the sea during historic times. About a century and a half 
since, facts were known which induced Celsius to infer that the 
level of the Baltic and Northern Ocean was sinking, as was likely 
to be concluded at that time with respect to any relative change of 
the levels of sea and land. Although Playfair may have pointed 
out that, in accordance with the views of Hutton, it was more pro- 
bable that the land liad risen, it was not until Von Buch had per- 
sonally visited the district in 1807 that the latter inference became 
established as a fact. He concluded, “that the whole country 
from Frcderickshall, in Norway, and perhaps as far. as St. Peters- 
burgh, was slowly and sensibly rising ;”f inferring that the northern 
portion was rising faster than the southern. Referring to the marks 
cut upon rocks during calm weather, considered to represent the 
standard level of the Baltic, it was concluded by officers charged 
with the examination in 1820-21, that there had been a relative 
change of that level, though the rise had not been generally to the 
same extent. In 1834, Sir Charles Lyell examined the marks then 
cut by these officers, and concluded that the land had risen four or 
five inches in certain localities on the north of Stockliolm. He 
convinced himself at the time, “ after conversing with many civil 


Proceedings of the Geological Society of London, vol. ii., p. 75. 
t “ Travels in Norway.” 
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engineers, pilots, and fishermen, and after examining some of tlic 
ancient marks, that the evidence formerly adduced in favour of the 
change of level, both on the coasts of Sweden and Finland, was lull 
and satisfactory. The alteration of level evidently diminishes as we 
proceed from the northern parts of the Gulf of Bothnia towards the 
south, being very slight around Stockholm 

The elevation of the area noticed is considered to extend to the 
North Cape, so that further traces of it become lost beneath the 
Northern Ocean. Taking a general view of the evidence. Sir 
Roderic Murchison has concludcd,t that, assuming an cast and west 
line traversing Sweden in the parallel of Solvitsborg, there has been 
in recent times on the north, and continues to be, an elevation, and 
on the south a depression. As regards the slow depression of 
Scania, Professor Nilsson infers, that this has been in progress lor 
several centuries and Professor Forchhammer considers that the 
isle of Saltholm has not sensibly changed its level, with respect to 
the sea, for 600 years ; while the isle of Bornholm appears to liavc 
risen one foot in a century, this elevation having been continued 
for IGOO years.§ 

With respect to very exact measurements, as regards small 
changes in the relative level of sea and land in inland seas, 
such as those of the Baltic, from the configuration of which and 
their mode of communication with the main ocean, disturbing in- 
fluences may arise, no doubt, without reference ol* * * § the general area 
to some more constant level, such as that of mean tide in some 
adjoining ocean, there may be difficulties ; but looking at the evi- 
dence as a whole, it would appear decisive of a slow change in the 


* “ Principles of Geology ” 7th edition, p. 300, and “ On the Proofs of a Gradual 
Elevation of certain parts of Sweden,” Philosophical Transactions, 1835. 

t Address to the Royal Geographical Society of London, 1845. 

J Communication to Sir Charles Lyell (Adtlress of the latter to the Geological 
Society of London, 1837). Professor Nilsson mentioned, among other circumstances, 
that a large stone, the distance from which on the shore of Scania was measured by 
Linneeus in 1749, was, in 1836, one hundred feet nearer the water’s edge, and that in 
the sea-port towns, “ all along the coast of Scania, there are streets below the high- 
water level of the Baltic, and, in some places, below the level of the lowest tide. 
Thus when the wind is high at Malmb, the water overflows one of the present streets ; 
and some years ago some excavations showed an ancient street in the same place, eight 
feet below, and it was then seen that there had evidently been an artificial raising of 
the ground, doubtless in consequence of that subsidence. There is also a street at 
Trelleborg, and another at Skanor, a few inches below high-water mark; and u 
street at Ystad is just on a level with the sea, at which it could not have been 
originally built.” 

§ “ On (3iangcs of Level which have taken place in Denmark in the present times,” 
Transactions of the Geological Society of London, vol, vi., 1841. 
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relative level of the sea and land in the manner inferred.* Geo- 
logical evidence supports the views derived from the circumstances 
mentioned ; for, while the oceanic coast shows deposits raised above 
the present level of‘ the sea, containing the remains of shells still 
existing in it, even barnacles and small zoophytes adhering to the 
rocks on which they fastened while beneath the water, on the 
Jialtic side there are also raised accumulations containing shells 
characteristic of that sea. Although these facts might not show 
that the land had been raised in historic times, they are important, 
as proving a relative change of level at a recent geological period.f 
Changes in the relative level of sea and land, and which can be 
measured by that of the ordinary tidal wave of an oceanic coast, arc 
not confined to the north of Europe. Facts appear to show, that 
tlierc has been a gradual sinking of the west coast of Greenland 
during at least a century. Dr. Pingcl lias shown that in a firth, 
called Igalllko (lat. GO® 43' N.), a house built on a small rocky 
island is now submerged ; that the foundations of a storehouse of the 
colony of JuHanahaab, founded in 1776, are only now dry at low 
water ; that near the village of Fiskenass (lat. G3^ 4' N.) they, have 
been obliged to shift the poles for the women’s boats, the old poles 
still standing in tlic sea ; and that to the north-east of Godthaab 
(lat. 64® 10 N.), the remains of a winter house are now beneath 
high water. Dr. Pingel mentions, that no original Greenlander 
builds his house so near the water’s edge. This author adds, that 
from information highly deserving of credit, ruins of ancient Green- 
land winter-houses at Napparsok, 45 (English) miles north of Ny- 
Sukkertop (lat. 65® 20 N.), arc to be seen under water.J Thus 

* The average rate ot rise in Sweden is estimated at about three feet four inches 
ill a century. With regard to the various authorities on the subject of this change, 
we would refer, for his usual impartial statements, to the Vicomte D^Archiac's 
“ Ilistoire des Progrbs de la Geologic,” chap. v. ; Soulevements et Abaissements 
Contemporains, t. i., p. 645. 

t M. Alex. Brongniart found balani still on the rocks, beneath a mass of shells, of 
the same species as now live in the adjoining sea, and 216 (English) feet above its 
level, near Uddevalla (Tableau des Terrains qui composent I’Ecorce du Globe, p. 89). 
Sir diaries Lyell had, in 1834, an opportunity of verifying this observation, not only 
by discovering halani adhering to the rocks, but also small zoophytes {Cellepora f) 
beneath a moss of similar shells at Kured, two miles north of Uddevalla, at more than 
100 feet above the adjoining sea. With respect to the raised accumulations on the 
Baltic side, the same geologist found them more than 100 feet above the adjoining 
sea at Sbdertelje, 16 miles south-west from Stockholm. The shells in these dc|x)si<s 
arc well characterized as Baltic, and Sir Charles Lyell {loints out that tlie marine 
molluscs found in the Baltic, though very numerous in individuals, arc dwarfish in 
size, scarcely even attaining a third of the average dimensions which they acquire in 
the saltor waters of the ocean.”-- Principles, 7th edition, p. 503. 

t Pingel, Proceeding <1 of the Geological Society of London, vol. ii;, p. 208. 




442 MOTEBfENTS OF COASTS IN THE IfEBITERRANEAN. [Ob. XXIIL 

for about 368 English miles there would appear evidence of this 
subsidence, and it is considered to extend to Disco Bay, about 256 
miles further north. 

It has been supposed that the movement noticed in the Bay of 
Naples has not been confined to it, and that, however local some 
of the oscillations of the ground may be, in consequence of the vol- 
canic action connected with it, there is a slow elevation in progress 
affecting Italy from the neighbourhood of Naples to Venice. It 
has been inferred that there is a change of the relative level of sea 
and land near the latter city of about six inches in a century, and 
that, extending to Naples, this elevation (varying in the proportion 
of 155 to 660 southwards), is felt for at least the distance of 520 
miles.* With respect to elevations in the Mediterranean connected 
with the works of man, Captain Spratt and Professoi E. Forbes men- 
tion an antique sarcophagus in the water of the Bay of Maori (the 
ancient Tclmissus), perforated by boring molluscs up to a third of 
its height, showing a depression and subsequent elevation of the 
coast.f Not only are there traces of terraces on the limestones of 
Greece, with lines perforated by boring molluscs, such as now in- 
habit the adjoining sea, but M. Boblayc also points out a cavern 
near Napoli di Eomania, raised five or six yards above the level of 
the Mediterranean, containing a breccia, the formation of which he 
refers to historic times, inasmuch as fragments of antique pottery 
are included in it.}: Continuing researches of this kind in the 
Mediterranean, we find, on the authority of' M. de la Marmora, 
that on the coast of Sardinia there is a deposit now raised above the 
sea, in which, mingled with terrestrial, fluviatile, and marine shells, 
are the remains of ancient pottery. The bed is described as sloping 
gently seawards, so as to represent part of an ancient coast with 
a portion of its adjoining sea-bottom. The remains of pottery are 
found where an ancient coast, inhabited by man, may be supposed 
to have ranged, the marine shells of the same species as now found 
in the adjoining sea becoming abundant outwards where the old 
sea-bottom occurred. At about 150 feet on the north-west of 
Cagliari, oysters {Ostrea eduUs) are found adhering to the rock on 
which they grew; and M. de la Marmora discovered, also on the 
north-west of Cagliari, among the pottery, a round ball of baked 


* MM. Ant. Miccolini and Em. Campo-Lonzo, as quoted by M. IVArchiac, 
Histoirc dcs Progres de la Geologic,” t, i., !>. 659. 
t “ Travels in Lycia, Mylias, and the Cibyratis,” vol. ii., p. 189, 1846. 

I Journal dc Geologic,” tom. iii. 
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earth, about the size of an apple, with a hole in the centre, as if' to 
pass a cord through. M. de la Marmora considers that this ball 
may have belonged to fishermen following their calling on this coast, 
and who used such balls instead of lead before the change of level 
elevating the deposit to its present situation.* 

The circumstances above noticed will be sufficient to show that 
movements of tlie ground as well gradual as somewhat more 
sudden, havo*taken place since the localities mentioned have been 
inhabited by man, and that there may have been oscillations of the 
land in certain situations. These movements cannot be termed 
permanent in a strictly geological sense, since the history of the 
surface of our planet is one of change and modifications, with 
respect to the distribution of land and water ; but they may, for 
the most part, be so regarded with reference to the lapse of many 
centuries, during which man may modify or change his mode of 
existence on the areas so acted upon. Whatever the cause of these 
movements may be on the , great scale, and however the action 
which is commonly termed volcanic, may merely constitute a 
modification of the effects due to some general influence by which 
wliole continental masses are upraised or depressed beneath the sea- 
level, we have, in earthquakes and the slow elevation and de- 
pression of land now taking place, manifestations of the unstable 
support on which the present mineral surface of the earth reposes. 
That earthquakes on the large scale may be due to the rending of 
pm tions of the earth’s crust so acted upon that some previous 
resistance to an upraising or depressing force is suddenly overcome, 
while, in the gradual movements of elevation or depression, this 
resistance is quietly overpowered, may not be improbable. To 
the cause of* this unstable state of the earth’s surface, the observer 
will, no doubt, be induced to inquire more particularly when, 
searching amid the various accumulations which he will find re- 
cording the past history of our planet, he sees proofs of elevations 
and depressions of old surfaces to which those above mentioned are 
almost as nothing. It would be out of place here to enter upon 
the hypotheses which have been framed respecting it; at the same 
time, it may not be undesirable to recall attention to the results 
produced by chang»?s on the earth s surface, by which dry land is 
lowered and sea-bottoms raised higher, and which Mr. Babbage has 
pointed out when accounting (p. 438) for the oscillations of the 
ground on which the Temple of Scrapis is based, inasmuch as, 

* Journal dc Geologic/’ tom. iii. 
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whether the explanation be sufficient or insufficient for all the 
phenomena observed, it can scarcely be disr^ardcd, if we look for 
any source of heat beneath the surface of the earth either partial or 
central.* 


* Mr. Babbage (Proceedings of the Geological Society of London, February 1834, 
vol. ii., p. 75) observes, that “ whenever a sea or lake is filled up by the continued 
wearing down of the adjacent lands, new beds of matter, conducting heat much less 
quickly than water carries it, are formed ; and that tlic radiation, also, from the sur- 
face of the new land, will be different from that from the water. Hence any source 
of heat, whether partial or central, which previously existctl below that sea, must heat 
the strata undcrncatli its bottom, because they are now protected by a bad conductor. 
The consequence must be, that they will raise, by their expansion, the newly formed 
beds above their former level, and thus the bottom of an ocean may become a con- 
tinent. The whole expansion, however resulting from the altered circumstances, may 
not take place until hnuj after the filling up of the sea, in which case its conversion 
into dry land will result juirtly from the filling up by detritus, and partly from the 
rise of the bottom. As the heat now penetrates the newly-formed strata, a dift(*ront 
action may take place ; the beds of clay or sand may become consolidated, and may 
contract instead of expanding, in this case either large depressions will occur witliiii 
the limits of the new’ continent, or, after another interval, the new land may again 
subside and form a shallow sea. This sea may be again filled up hy a rcjjctition of 
the same processes as before, and thus alternations of marine and fresh-water deposits 
may occur, having interposed between them the productions of dry lund.’^ 
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ENOLANI).— FOOT-PRINTS OF DEER AND OXEN AMID THE ROOTED TREES 
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BY DETRITUS. — RAISED BEACHES OF PLYMOUTH, FALMOUTH AND NEW 
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DISnUBUTION OF DETRITUS IN ENGLISH CHANNEL, AND IN SEA SOUTH OF 
IRELAND, — CARE REQUIRED IN TRACING RAISED COAST LINES. — RAISED 
COAST LINES, SCANDINAVIA. 

The names of sunk or submarine forests and raised beaches lor 
comparatively recent changes in the relative levels of land and sea, 
since the vegetation of the former and the animal life in the latter 
have been much the same as now found adjacent on the one or in 
the other, though not perhaps too well chosen, since there have 
been many depressions and elevations of land marked by the sub- 
mergence of terrestrial vegetable life and the emergence of marine 
remains in beaches at various geological times, are here retained as 
convenient for the present. The evidence is merely negative as to 
the absence of man from some of the coasts where these changes 
liave been effected, certain conditions being needed for tlie preserv- 
ation either of his remains or those of liis works. Certainly some 
of them may readily have occurred since man was created on our 
planet, though no traces of human existence either in the con- 
temporary accumulations themselves or in their mode of occurrence 
may have been detected. While alterations in the relative levels 
of land and sea have occurred in countries long inhabited by civi- 
lized races, and are now known to be effected where sufficient in- 
terest is taken to record them, it is scarcely to be supposed that 
the like have not taken place in regions inhabited by man in a less 
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advanced state, the more especially as the study of gcolo^ teaches 
us that such, as will be henifter seen, have occurred during a long 
lapse of geological time. 

It can rarely happen that, without some historic record of the 
event, the submergence of a coast to any . marked deptli can be 
well ascertained. The water, except imder very rare and favour- 
able circumstances, would remove the traces of the old coast lines 
from our view, and new accumulations, mechanical or elicmical, 
would tend still further to conceal them. As regards the evidence 
of a submergence of the sliores of Europe for a considerable extent 
on its western and oceanic front, we fortunately possess g^xxl 
evidence in those trees and accumulations of other plants around 
them, which have been termed Sunk or Submarme Forests, 
These are to be found under the same general conditions, from tlie 
shores of Scandinavia to those of Spain and Portugal, and around 
the British Islands. So common to the whole are their general 
characters, that without supposing an absolute contemporaneous 
submergence, or one of equal amount tliroughout, there still 
remains a change of the relative level of the sea and land a 
marked kind over the whole of this area. These ^ forests ’ some- 
times occur on the seaward front of a minor valley, and of othcirs 
of far larger dimensions, even beneath tlie accumulations of a exm- 
siderablc estuary, and arc found stretching inland for considerable 
distances under deposits of gravels, sands, and clays, the latter 
sometimes slightly elevated above the sea, and occupying somewhat 
large tracts of country. 

The slopes on which the ‘ forests ^ rest are variable, though 
usually dipping seaward at a very slight angle. If the observer 
will imagine, that during low water, on any tidal coast, a change 
f)f relative level of land and sea were efl’ectcd, so that the low 
water line became that of high water, he may form an idea of the 
varied slopes and different areas on which the trees and other 
plants may have grown, and which, now partially or wholly sub- 
merged, constitute ‘ sunk or submarine forests.’ While they are 
often wholly beneath the level of high water, at others they arc 
partly beneath it, and partly rise to, or above it. The following 
section (fig. 151) will illustrate the mode of occurrence of several, 
where, after a submergence, other accumulations have been effected 
over a portion, if not the whole ; and so that while a part may be 
laid bare by the action of the breakers, others may be concealed 
seaward beneath the water, or be covered by gravels, sands, or 
clays inland. 
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Let a, b, represent the level of high water, and e, d, that of low 
tide, e, /, a line marking the general plane of the ‘ forest,’ g, a 


Fig. 151. 
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beach thrown up in the usual manner, and h, sand, clay, or any 
other accumulation covering up the ‘ forest then it usually 
happens, especially after such a state of the tides and weather as 
shall remove a part of the beach, that the trees and other vegeta- 
tion arc alone visible on the shore at levels corresponding with 
those at which the tide may cut the general plane of the ‘ forest.* 
The extension of the trees and other vegetation seaward may never 
be known except in the case of a roadstead for shipping such as 
at the Mumbles, near Swansea, or on fishing-grounds, where the 
anchors or nets may bring up portions of them. In like manner 
inland their spread in such directions may only be made apparent 
by canals, docks, or other works cutting through the superincum- 
bent accumulations, as has been done in many localities. 

Although this movement over so considerable an area may not 
always have been tranquil, the very common state of the vegetation 
preserved would lead to the inference that it had very frequently ^ 
been so ; for, as in the following section (fig. 152), the trees a, a. 


Fij?. 152. 



a, a, a, are in their actual places of growth, though prostrate trees, 
J, may be often found among them, and the matted remains of 
branches, leaves, and various plants, as well as certain animal 
remains, such as the horns of deer and oxen, c, c, intermingled 
with the roots or accumulated round them, and constituting part 
of the old ground, d, d, are undisturbed. For further illustration 
the supporting rocks, e, which may be, and are of all kinds, as 
also some covering beds, /, /, supposed inland, are also represented. 
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When an' observer is studying any of the numerous situations 
where these ‘ forests * are to te seen, it will be desirable that he 
should do so with reference to the locality, and its connexion with 
any larger area ; to the mode of growth of the trees, and distri- 
bution of the other remains of vegetation mingled with them, 
and to their agreement with, or difference from, any plants of a 
similar kind now found in the vicinity, whether as regards kind or 
mode of accumulation; to the remains of animals found inter- 
mingled with the vegetation, and to the probable form of the area 
occupied by the ‘ forest,’ as well inland as seaward. Various 
nooks and corners of* oceanic bays, where we may suppose vegeta- 
tion could have flourished under dilfercnces of level, so that more 
dry land was exposed, should be examined as well as very slieltored 
situations in places less open to the ravages of the sea. T\\us a 
part of the coast of Tircc,* Hebrides, and of another in the Bay of 
Skaill,t Mainland of Orkney, though both exposed to tlie ocean, 
furnish the remains of these ‘ forests ’ as well as the ramifications 
of old estuaries amid the shores of the British Channel and Severn, J 
and the low grounds of Lincolnshire and Cambridgeshire, now 
bounded on the eastern coast of England by * the Wash.’§ As 
regards the tideless Baltic, trunks of oaks and pines {Finns syl- 
^vestris) and other trees, the roots in their natural positions, often 
several times above each other, and the whole five feet beneath the 
level of that sea, arc found on different points of the coast near 
Greifswald, near Gnageland, on the south-east side of the Haff in 
the island of Usedom, and in the vicinity of Colberg. They are 
separated from the sea for variable breadths of coast by sandy 


* The Ucv. C. Smith, “ Kdinburgh New PhilosophicalJournal,” 1829. 
t Watt, “ Edinburgh Philosophical Journal,” vol. iii. Stems of small fir trees, ten 
feet long and five and six inches in diameter, were here found partly imbedded in and 
partly resting on the vegetable matter, chiefly composed of leaves. 

X The “ forest” passes beneath a considerable portion of the flat low land commonly 
known as the Bridgewater Levels, and it is to be found in numerous other portions 
of the old area of the estuary. The part exposed on the coast of Stolford has been 
described by Mr. L. Horner (Geological Transactions, vol. iii., p. 380) who pointed 
out that many of the remains of trees were rooted os they grew, while others were 
prostrate, some 20 feet in length, liemains of the Zostera oceanica' were dispcrscil 
amid the vegetable matter in which the trees occur. Dr. Buckland and Mr. W. D. 
Conybeare (Geological Transactions, 2nd scries, vol. i., p. 310) mention oak, fir, and 
willow trees, sometimes of large dimensions, partly rooted as they grew and partly 
prostrate, 15 to 20 feet beneath the surface of the Bridgewater Levels. Furze bushes 
and hazel trees with their nuts are intermingled with them. 

§ The vegetable accumulations of this kind have long been known in Lincolnshire 
and Cambridgeshire. In 1799, M. Correa do Serra described (Philosophical Trans- 
actions) the “submarine forests” of Lincolnshire os composed of roots, trunks, 
branches, and leaves of trees and shrubs, intermixed with oquaie plants, many of the 
roots still standing in the position in which they grew, while the trunks were laid 
prostrate. Birch, fir, and oak were distinguishable. 
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dunes, under which they do not extend, there gradually disappear* 
ing. In the vegetable mass accompan 3 ring the trees, terrestrial, 
marsh, and fresh-water plants, with their seeds, are alone dis- 
covered, remains of marine vegetation not being found. * 

Occasionally the bones of quadrupeds, and the traces of their 
foot-prints, are discovered in these ^ forests,' as also the remains of 
insects, which arc important as enabling the observer to consider 
the distribution of the terrestrial animal life as well as that of the 
plants of the time. Thus among the vegetable accumulations 
apparently of this date on the banks of the Humber remains of the 
red deer {Cervus JElephas) and the fallow deer ((7. Dama) have 
been detected ; and in the ‘ submarine forest' of Minehead, Somer- 
setshire, the bones and antlers of the red deer are discovered amid 
the upriglit stumps of trees (chiefly oaks) now below the level of 
the sea and covered by it at high water, the trees rooteil as they 
grew. The latter is especially an interesting circumstance, as the 
red deer are still found wild in the adjoining forest of Exmoor, so 
that the change of level has been effected since the red deer 
inhabited the district. Extending our researches into Cornwall, 
we find that a change of level may have happened, submerging 
vegetation in its place of growth, even after the introduction of 
man into Western England ; for, at the Carnon tin Streamworks,., 
north of Falmouth, whence pebbles of tin ore have been ex- 
tracted from beneath the bottom of an estuary, human skulls are 
stated to have been discovered with the bones of deer, among the 
trees and other vegetable remains covering the stanniferous gravel. 
Trees, j)artly in their places of growth, their roots descending 
among the tin pebbles, have been found 48 feet below high-water 
mark at the Pentuan tin stream works, Cornwall, covered by 
estuary and fluviatile accumulations, and which may be the equi- 
valent of the Camon bed,t not far different in depth beneath the 


* German Translations of Dc la Beche’s Geological Manual. “ In some places the 
Arundo phragmilea so abounds that the peaty mass seems entirely composed of it. 
The lower layers contain Ceratophyllum demermm^ Potamogeton pusillum^ Najas major, 
and Ngmpha'a Ivtea, Scirpus palustris and Hippuris vulgaris are also found with the 
Arundo, Seeds, especially of the MenganthesArifoliata, are also frequent in the lower 
layers. The ground beneath the peat contains fresh-ioater shells ; Paludina impura, 
Lam., Planorhis imbricatus. Cyclostoma acutum, and Limneus vulgaris, 
t The section showed a bed, about 18 inches thick, of wood, leaves, nuts, &c., beneath 
about 50 feet of silts and sands, with shells, the vegetable accumulation, with its 
human skulls and remains of deer, resting on the pebbles of tin ore, and of quartz, 
slate, granite, &c., commonly termed the tin ground. — Henwood, “Trans. Geol. & c. 
of Cornwall,” vol. iv., p. 58. 

At the rcntiuin tin stream-works, where mining operations were continued under 
the sea-level for the extraction of the tin-ore pebbles, the vegetable accumulation, the 
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same level. Whatever may have been the relative date when the 
skulls were entombed, supposing the Carnon accumulation in which 
they were discovered not to bo precisely equivalent to the ^ forest* 
disclosed by the mining operations at Pentuan, it would still appear, 
us we have elsewhere remarked,^ ‘‘ that after the causes which 
produced the tin ground or stanniferous gravel (of Cornwall) had 
ceased, the relative levels of sea and land were such in this district 
that a growth of plants and trees, not dissimilar from that of the 
present day, took place upon the gravel, and that subsequently 
these levels became altered, so that the sea covered the lower parts 
of the valleys previously above water. In the creeks thus formed, 
silt, mud, and sand were deposited, entombing the remains of* 
marine and estuary shells of the same species as those which now 
exist on the coast, and finally, from the continued drift of* alluvial 
matter down the valleys, river detritus covered up these marine or 
estuary deposits when they had accumulated to the necessary 
height.” 

As regards the British ‘ sunk or submarine forests,* they not only 
show that red and fallow deer, species now living, roamed amtmg 
them when they were above water and in full growth, and possibly 
that man may have been an inhabitant of Western England at the 
time, but also that they were tenanted by species of at least one 


roots of trees passing down to the ^tin grotimJ* was (at the Happy Union Works) 
about 30 feet below the level of low water, and 48 feet beneath that of high-water 
spring-tides. The trees had been submerged, so that oyster-shells were found attached 
to their stumps- “ The roots of the oak are in their natural position,” observes 
Mr. Colenso, “ and may be traced to their smallest fibres (in the tin grounc^.'l even so 
deep as two feet ; from the manner in which they spread, there can be no doubt that 
the trees have grown and fallen on the spot where their roots are found.” Resting 
upon this accumulation is a bed of silt, about two feet thick, in which there are also 
wood and hazel nuts, and with these vegetable remains the bones and horns of deer, 
oxen, &c. Mr. Colenso further states, that tlie shells dispersed through this bed, com- 
monly in layers, present the appearance of their animals having lived and died in the 
places where their remains are now discovered. Above this accumulation follow in 
ascending order a, a bed of sand, four inches thick, containing marine shells ; silt 
or clay, two feet thick; c, sand, 20 feet thick. (“In all parts of this sand there arc 
timber trees, chiefly oaks, lying in all directions, and also the remains of animals, 
such as parts of red deer, &c. Human skulls have also been found in it, as also those 
of whales.”) d. a bed of rough river sand and gravel, here and there mixed with 
sea sand and silt, about 20 feet thick, extending to the surface. Mr. Colenso states, 
that a short time before he described the section (1829), the remains of a row of 
wooden piles had* been found in this sand, sharpened for the purpose of driving, and 
that they appeared to have been used in the construction of a wooden bridge for foot 
passengers. They crossed the valley, and were about six feet long, their tops being 
about 24 feet from the present surface, just on a level with the present low water at 
spring tides. He remarks, that if the relative sea level had been then as now, such a 
bridge would have been useless. 

* “ Report on the Geology of Cornwall, Devon, and West Somerset,” p. 406, (1839). 
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large quadruped which is now extinct. Of this evidence has been 
obtained in the ^submarine forests’ on the coast of South Wales. 
Among other places where these are found on the shores in that 
district, there is a considerable tract of low ground extending from 
the mouth of the Neath river eastward beyond Port Talbot, fringed 
by a covering of blown sand-hills (fig. 64, p. 88). Beneath these 
and the low ground, natural and artificial operations have occa- 
sionally exposed the vegetable accumulation, the stumps of trees 
with their roots standing as they grew, with prostrate trunks, and 
the usual characteristics of the ‘ forest.’ On the surfiice of the 
clay in which the trees are rooted, foot-prints have been here and 
there detected, as if in passages amid the trees by which animals 
found their way through them, these foot-prints of various forms 
and sizes, some clearly those of deer, while now and then a large 
impression would be observed resembling that of some gigantic ox, 
having feet spreading far more widely than any domestic ox, even 
of* the largest size, now known. This is not an isolated fact, for more 
westward, (about 28 miles,) while docks were being constructed 
at the port of Pembre, Caermarthenshire, and some covering sands 
removed, the ^submarine forest’ which there occum beneath much 
of the estuary of the Burry and Llwchwr was exposed, and similar 
foot-prints were found, some of a great ox mingled with those of 
the deer. Having attracted attention, drawings of these impres- 
sions were made at the time. As the horns and skull of the Bos 
primigeniiis were discovered near the same place, apparently 
derived from the same beds, it may be that the foot-prints men- 
tioned jnight have been those of this large animal. 

We would thus seem to arrive at a period for the growth of 
these ‘forests’ in England, when not only species of existing 
British animals then wandered among them, but also one, if not 
more, of the now extinct mammals,* leading into the times when 
elephants, hyaenas, and other extinct quadrupeds also tenanted 
this country. Indeed, when contemplating from any of the ad- 
jacent heights the range of country which includes the estuary of 
the Burry and Llwchwr, with its ‘ submarine forest,’ and also one 
of the limestone caves of that part of the country, wherein the 
remains of hyaenas, rhinoceroses, and other animals are found, the 
cave’s mouth fronting, and not far above the range and level of 

• It becomes interesting, as connected with the subject, to ascertain how far any of 
the localities where the antlers and bones of the Megaceros Hihernicus are found may 
be connected with the tracts of ‘ submarine forests.* The general evidence respecting 
this gigantic and extinct deer would appear to be, that its remains are discovered in 
fresh-w'ater shell marls or gravels beneath existing bogs. 


2q2 
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tlic * forest/ an observer has some difficulty in very clearly defining 
the time when the forest grew and the red deer of the pr(,*scnt 
the great extinct ox, and the rhinoceros may have ceased to 
be contemporaneous, anterior to the submersion of the land 
beneath the level of the adjoining ocean, in such a manner that 
not only the stumps of trees remained rooted in the ground in 
which they grew, but the foot-prints of mammals which roamed 
amid the forest of this period also remained uninjured during the 
time when they were covered over by silt and sand* 

While thus there is evidence of a change in the relative level 
of sea and land, by which the latter has been lowered several feet 
beneath the former along the oceanic shores of Europe for about 
20® of latitude, there is also evidence of changes of levels (»ii the 
same coasts of the reverse kind, beaches and worn cliffs affording 
proofs of them, and the remains of molluscs showing that such 
changes occurred after these were of the same species as tln^sc 
which now inhabit tlic adjoining seas, Kefbrcnce has been pre- 
viously made to the mollusc remains of existing species found 
entombed in deposits, of the inferred comparatively recent and 
very cold condition of Northern Europe ; a time when molluscs 
of an arctic character reached more southwards than at present. 
Still referring to the same period, and to the evidence pointing to 
a submergence and emergence of* the lands of the British Islands 
to the amount of 1,000 to 1,500 feet, and probably also of much of 
Western Europe to variable depths and heights, many tracts of' 
old coasts and l)eaches would be expected, their greater or less 
state of preservation depending upon local circumstances as well 
as on the more general influences of different climates. Amid the 
varied clllFs and beaches left by so considerable an emergence, if 
we are to suppose it slow, intervals of comparative stability inter- 
vening, the observer would anticipate much difference of level in 
the cliffs and beaches he may discover, expecting nevertheless, all 
other circumstances being the same, that the cliffs and beaches 
would be the less injured in proportion as they were, the more 
recent. 

The coasts of Europe present many examples of cliffs and 
beaches elevated above the present level of the adjoining seas, the 
beaches containing fragments of the shells of molluscs still in- 
habiting the latter. The coasts of the British Islands, from their 
position, and the variable conditions under which they occur 
relatively to exposure to or comparative shelter from the Atlantic, 
and the variable rise and fall of tides, afford excellent opportunities 
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for the study of these cliffs and beaches. And with respect to the 
consideration of such changes of level, the alterations that may be 
effected by the conversion of an estuary, facing the tidal wave 
coming in from the Atlantic or any other ocean, into a more spread 
area of water by submergence of the land, should be borne in mind, 
as also the wearing away of cliffs and the accumulation of beaches 
up to high-water mark, should an estuary be converted into land 
by an emergence. For example, if the* land of New Brunswick 
and Nova Scotia were depressed beneath the ocean (and no very 
considerable submergence would be required), so that the tidal 
wave flowed freely over from the present Bay of Fimdy to the 
Gulf of St. Lawrence, there would be an end of the causes (p. 78) 
producing the very high rise of tide in that bay, and, consequently, 
its plane of lines of' cliffs and beaches. The same would also 
happen, though on a minor scale, if the land bounding the British 
Channel, and its continuation, the Severn, was so depressed 
beneath its present relative level, that the great rise of tide (46 to 
50 feet) at King’s Road (Bristol) and Chepstow was no longer 
produced, the tidal wave sweeping onwards without much ob- 
struction, and passing round on the north and south of Wales, then 
becoming an island. In such ..ases the inclined plane corresponding 
to the high-water mark would be depressed at different depths 
beneath the general level. In like manner the observer should 
well weigh the changes and modifications by which similar estuaries 
or bays during emergence from the sea may have such tides pro- 
duced in them as are now found, so that after having cliffs worn 
out, or beaches thrown up at some more equal level, these more 
inclined planes of the one or the other may be formed. The 
modifications of the relative heights at which cliffs and beaches may 
be contemporaneously formed on all tidal coasts, according to the 
general level of land and sea for the time, require very great care, 
as also the probable conversion of tidal into tideless seas, and the 
reverse, tideless seas (employing that term with reference to tides 
capable of producing very appreciable geological effects, and not 
strictly,) affording as a whole (due reference being made to the 
disturbing influences of winds) a better general level than the 
high-water line on coasts variably affected by the action of tides 
upon them. * 

From the effects, chiefly of atmospheric influences, by which 

* It is much to be desired, that the governments of ditferent countries liaving sea- 
coasts would, at convenient points, ascertain tlio level of mean tides (not a difficult 
operation), connecting the spots whore this may be accomplished (as marks on the 
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the i^es of hills and mountains are decomposed and the dis** 
intsgiated portions descend downwards into the valleys and low 
grounds, as in the following section (fig. 153 ), where certain rocks, 

a 


slates, for example, decomposed on the surface of the hills, a, a, 
are more or less covered by this detritus, accumulating in de- 
pressions, such as the valley c, many a cliff and beach is covered up, 
so that inland the opportunities are less fretjuc i usually for obsc rv- 
ing them than near the sea, where a coast may be so cut back jy 
breakers as to exliibit the beach and cliff bcneatli this kind of* 
covering. Let, for illustration, the following section (fig. L')4), 


Fij? r»i 

1 2 4 



one which is not uncommon in Western England, represent a 
raised beach, concealed by a covering, a, a, composed of* decomposed 
ruck and other detritus, descending from an adjoining hill ; e, /, 
being the level of high tide. Should there be a large modern 
beach at e, so that the breakers have little access to the lowcy part 
of the modern detritus, a, a, even the subjacent rock may be 
covered at that point, b ; but should the breakers act freely, so as 
to cut back a cliff, then neither the first distance, 1, 1, nor the 
second, 2, 2, would expose the concealed beach, the latter only 
sliowing the subjacent rock at b. When, however, the cutting 



coast itself at the actual level found may be in time obliterated from the action of the 
sea or atmospheric influences), with copper bolts, or other marks in', or on some 
inland cliff, religious edifice, or other building likely to be preserved. By connecting 
such original bench marks, and others inland, by a carefully- considered system of 
levels, not only might any variations in the relative levels of sea and land be hereafter 
detecte<l, but also movements of the like kind on the great, though tranquil, scale be 
ascertained inland, the means of obtaining the needful evidence even extending con- 
siderable distances into the great continents. With this view the British Association 
for the Advancement of Science had lines of level run, in 1837-8, uniting bench marks 
connected with the tides in the English Channel at Axmouth, Devon, and in the 
Bristol Channel, at Porteshead, near Bristol, and at Minchead. The careful levels 
worked out during the progress of the Ordnance Survey in the British Islands permit 
excellent connections with the level of mean tides around. 
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back had reached the distance 3,3, the beach may be well exposed; 
but should the . breaker action stiU further wear away the cliff to 
4, 4, then no trace of the beach would be left. The subjoined 
section (fig. 155) of the Hoe, Plymouth, may serve to show how 

Fig. 155. 



this can really happen. In it, d, d, represent the Devonian lime- 
stones of’ the locality, on a part of which the beach, c, reposes, 
about 30 feet above the present high-water mark, containing the 
remains of shells of the same species as are now found in the ad- 
joining sea. At a, this is covered by angular fragments of the 
limestone of the hill, derived from the decomposition of its upper 
part, of the same kind which fills up a cavity above at a\ At /, 
tlic old cliff is seen behind the beach, c. This section was exposed 
by blasting away the limestone rock, taken away for use in large 
(luantities.* 

The following section of part of the Cornish coast nair Falmouth 



affords a useful illustration of the manner in which a raised beach 
may be covered by the detritus falling over from the hill above ; 
in this case over the face of an ancient cliff, which would be 
concealed except from the wearing away of the coast by the 
breakers. The section is exposed between Rosemullion Head and 
Mainporth, and the angular detritus, c, of* slate and more arena- 
ceous beds, clearly derived from the hill, A, is well seen to cover 
over the cliff, b, and the beach, a ; in all respects corresponding 
with those in the adjacent coves and bays. In this section, the 
observer also finds a low level of rocks, e a, formed at the time 


* The section is given as seen in 1830. The raised beach was composed of pebbles 
of limestone, slate, reddish porphyry (occurring in places in another part of Plymouth 
Sound), and red sandstones, all rocks of the vicinity. Beneath the Plymouth Citadel, 
where a sandy prolongation of this raised beach occurs, it is chietiy formed of frag- 
ments of molluscs, of the same kinds apparently as those in the Sound adjoining. 
Other raised beaches are seen on the coasts of Plymouth Sound, as under Mount Edge- 
cumbe, at Staddon Point, and nearly opposite the Shag Rock, on the eastern side, 
angular deirittis of the adjacent hills covering them all. 
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whea the breakem, at another relative level, were cutting bock 
the aiMBMt cliffy ft, 08 siimlar planed portions of rocks are being 
now eat boidr on the same coasts at a lower level. Not far distant 
also, cm the same coast, at a place named Nelly's Cove, the sub- 




joined section is exposed, wherein a is the raised beach, b the 
supporting rock, and c the angular deposit derived from the rocks 
above, and which, as it accumulated, slid into a form corresponding 
with that of the beach beneath and the old cliff behind, the cover- 
ing detritus, the beach, and the supporting rocks being all now in 
the process of‘ being cut back by the heavy breakers of the adjacent 
sea. These in time will obliterate all traces of' the beach, its 
covering, and the old cliff, leaving nothing but a bare wall of the 
rocks now behind the whole. 

When formed of calcareous substances, either limestone pebbles 
of various sizes, or of comminuted sea-shells, raised beaches are 
sometimes as highly consolidated as the rocks which may support 
them, carbonate of lime thrown down under fitting conditions 
from a solution in water of the bicarbonate by means of carbonic 
acid (p. 13) cementing the whole together. Of the consolidation 
of a raised beach formed chiefly of comminuted sea-shells, that at 
New Quay, on the north coast of Cornwall, has long been celebrated. 
The following (fig. 158) is a section seen on the Look-out Hill, 
a, a, a, being slaty and arenaceous beds (dipping at a considerable 
angle) upon which the beach, ft, composed of rounded pebbles of 
the adjacent rocks, cemented by consolidated sea-shell sand, reposes. 
At c are layers of the same comminuted sea-shell and sand, not 
uncommon on the shores and blown sandy dunes of the neigh- 
bouring parts of Cornwall, the lowest layers being much consoli- 
dated.* These are covered at d by an accumulation of angular 
fragments of rocks derived from the hill above. The present level 



* Tlic consulidation of these sands has been previously mentioned, wo/c, p. 02. 



Ch. XXIV.] RAISED SEA BEACH, NEW QUAY, CORNWALL. 457 

of high tide is shown by the line e. In this case there would 
appear to have been some modification in the condition of this part 



of’ the coast, permitting the deposit of the layers of comminuted 
sea-shells after the time during which a shingle beach was formed, 
and prior to the accumulation of the covering of angular fragments ; 
perhaps, a time when blown sands were dril’ted over it, as in parts of 
the adjacent coasts at the present day, where such sands are driven 
over the shingle of ancient beaches now removed from the action of 
the sea. This view is supported by a section (fig. 159) in Fistral 

Fig. 159. 





liay, part (on the western side) of the projecting land on which the 
other section (fig. 158) is exposed, and wliere slates and more are- 
naceous beds, a, a, forming a portion of the same mass with those 
exhibited beneath the Look-out Hill (fig. 158, a, a, a), support 
rolled pebbles, often of large size, mingled with smaller gravel and 
sand, the whole constituting a kind of beach, b. This is surmounted 
at c by frequent alternations of fine gravel and sand, some of the 
layers of the latter being more consolidated than others. At d, 
the sand is less indurated, and at the extremities of the dunes on 
the north and south become mingled with angular fragments of 
rocks derived from the adjacent hills. In this instance there 
would appear evidence of a portion of a sea bottom, adjacent to 
the coast, having been elevated when the beach at the Look-out 
Hill was uplifted. 

Still keeping to the north coast of Cornwall, as it appeal’s useful 
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to illustrate changes of level of this kind, where various mcKlUied 
ofibcte, arising frona them, are well exhibited in very accessible 
locahtics within moderate distances, the observer will lind good 
examples even of raised sandy dunes ; thus obtaining an insight 
into the condition of a range of oceanic coast, with its modifications 
of sinngle beaches at the foot of clifib, shallow shores with their 
prolongation of blown sands, and accumulations in shallow coast 
waters of the time, all upraised and variously acted upon at 
the present level of the breakers. At St. Ives’ Bay and Perran 
Bay, sandy dunes, accumulated when the relative level of the 
Atlantic ranged along this land 30 or 40 feet higher than it now 
does, the latter having been since upraised, are seen perched 
where existing conditions could not place them, their old sup- 
porting rocks, previously removed from breaker action, now cut 
into clilFs by it. This is especially well shown in the former bay, 
near Gwythian, where a cliff of hard rocks, rising 35 or 40 feet 
above the present high-water mark, is surmounted by part of an 
ancient beach, with old sandy dunes above it. After tliis uprise, 
the slope of the coast was such that on the south-west, in tlie 
direction of Hayle and Lelant, conditions for the production of 
sandy dunes still continued, so that in this mass of blown sands, 
three miles in length, mcxlern are partly driven over the older 
accumulations on the sides and in front of the valley between 
Gwythian and Godrevy Head, towards which, near Godrevy, an 
excellent section of a raised beach was, in 1838, to be found. 

Masses of sand on coasts, acted upon by winds, and apparently 
not produced by existing conditions on such coasts, have not always 
been accumulated as blown sands and then elevated; as, for ex- 
ample, at Porth-dinlleyn, on the coast of Caernarvonshire, where a 
mass of sand covers a clay and gravel, of the deposits termed 
glacialy (p. 280,) and might, at first sight, be referred to raised 
sandy dunes. Careful investigation shows that this sand is an 
elevated sea-bottom, layers of a harder and more argillaceous kind 
being interstratified with the more loose sand, and retaining all the 
perforations made by marine animals when these layers were at the 
bottom of the sea. Breaker action is now removing these sands, 
brought within its influence by the elevation of the land, and docs 
not assist, with the wind, in forming sandy dunes. These sands 
oidy constitute a portion of raised sea-bottoms, formed of either clay, 
sand, and gravels, with larger blocks of rock, dispersed over the 
adjoining land. 

A raised beach of a very instructive kind was long since (1822) 
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described by Dr. Mantell,* as occurring near Brighton, where one, 
elevated several feet above the sea, rests upon chalk, the rock of 
the coast, in the same manner as the beach at Nelly’s Cove, Fal- 
mouth (fig 157), reposes on the old slates and accompanying beds. 
The beach near Brighton is backed by an ancient cliff of chalk, 
and, above the beach, chalk rubble, loam, &c., obsciuely bedded, 
contain many teeth and bones of the fossil elephant, whence the 
name Elephant Bed ” has been ^ven it. Boiled pieces of chalk 
and limestone are discovered among the pebbles, ‘‘ full of perfora- 
tions made by boring shells.” f In this case the beach would 
appear to have been formed prior to, or during the existence of, 
the mammoth in Britain. 

With regard to the fossil contents of these beaches, they afford 
much information as to the exposure of the coasts of the time to 
differences in the range of sea to which they may have been open ; 
tidal streams and ocean currents being modified by alterations in the 
distribution of land and water. Professor E. Forbes informs me 
that the fossil shells of the raised beaches on the shores of the Clyde 
are, in many cases, those of species which, though still living in 
the British seas, present a more southern character than the mol- 
luscs now existing in them, and that they are confined to districts 
more southern and western than the Frith of Clyde. He thence 
infers a change in the direction of the currents from the south, 
(especially in that known as Eenncirs current,) tliis change being 
probably due to the conformation of the coast lines of the time. 

It is desirable, as has been done by Mr. E. C. Austen, J to con- 
nect theac raised beaches and elevated sea-bottoms of the same 
geological dates, and the submarine or sunk forests, with the 
present state of* the seas adjoining or covering them. After care- 
fully considering the subject, Mr. Austen shows that although the 
distribution of the detritus derived from the present coasts of 
France and England, in the English Channel, and from England 
and Ireland on the sea-bottom to the south of the latter, with the 
sediment brought down by the rivers to tliose coasts, is in ac- 
cordance with the arrangement which would be expected from 
breaker and wind-wave action and tidal streams; there are, 
especially in the central parts of the English Channel and on the 
outer range of the 100 and 200 fathom soundings towards the 

* Fossils of the South Downs, 1822. 

t Mantel), “Wonders of Geology,” 6th edit. (1848), p. 113, where a section and 
detailed description arc given of the raised beach at Brighton, cast of Keinp Town. 

t “On the Valley of the English Channel;” Journal of the Geological Society of 
London, vol. vi., p. 69. 
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Atlantic, bare rocks, shingles and coarse ground, and the shells of 
littoral molluscs so occurring as to point to the submergence of 
former coasts and shallow water adjoining them. With regard to 
the “ submarine or sunk forests,’’ Mr. Austen calls attention to 
the necessity of not limiting their extension beneatli the sea out- 
wards to the shores where they arc now discovered, but to take a 
more general view of them as parts of submerged dry land ; one 
which would better accord with the coarse detritus at depths, or in 
situations, where existing wind-wave action and tidal streams 
would not transport it, and also with the remains of littoral mol- 
luscs, Patella mlgata, Littorina littorea^ found in similar 
situations. The evidence adduced shows very uneven ground out- 
wards, especially towards the Atlantic ; strewed over inwards by 
varied detrital deposits, partly the adjustment of existing cir- 
cumstances, partly the mixed result of these and former conditi( ns 
when the present sea-bottom was more elevated, even forming dry 
land connecting the British Islands with the continent. Without 
a proper chart * showing the condition of the sea-bottom around 
the British Islands, it would be difficult to convey a correct idea of 
the inferences to be derived from it ; but, as illustrating a portion 
of this bottom, Mr, Austen remarks, that “ within a distance from 
the summits of the Little Sole Bank, (parts of which rise to within 
50 and 60 fathoms on the south of Ireland and off the mouth of 
the English Channel,) not so great as from the top of Snowdon to 
the sea, soundings have been obtained of 529 fathoms (3,174 feet) ; 
in other words, the Sole Bank rises from that level to nearly as 
high, and more rapidly, than does the mass of Snowdon ifrom the 
sea level of the Caernarvon coast by the Menai Straits.” t 


♦ The observer should consult the chart appended to Mr. Austen's Memoir, in which 
a large amount of valuable information relating to the sea-bottom of the area noticed 
is gathered together. 

t ** The character of the greater part of the channel area," continues Mr. Austen 
“ if laid bare, would be that of extensive plains of sand, surrounded by great zones o^ 
gravel and shingle, and presenting much such an admixture and arrangement of 
materials as we may observe at present over the Ragshot district of deposits ; wliilst 
along the opening of the channel there is an obviotis configuration of hill and valley, 
and an amount of inequality equal to that of the most mountainous part of Wales." — 
Journal, &c., vol. vi., p. 85. 

Referring to the examination of the range of the 200 fathom line from Cape 
Finisterre to the parallel of the Lizard, undertaken by Captain Vanhello in 1828 
and 1829, Mr. Austen points out that the irregularity of soundings at this line, which 
runs at a comparatively short distance, as we have elsewhere remarked (Researches 
in Theoretical Geology, p. 190), outside that of 100 fathoms, (represented in figs. 65 
and 99, pp. 91 and 261,) is far from being confined to one spot, but ranges not only 
southward, as shown by Captain Vanhello, but also to the northward. A reference 
to fig. 99, p. 261, will show that the Rockall Bank, westward of Ireland, much resem- 
bles an island under water; an uprise of only 600 feet would make it one. 
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Amid the complications which may arise in coasts where there has 
been gradual elevation of the land above the mean tidal level of the 
ocean, from the tidal differences above mentioned (p. 453), from 
the variable exposure to breaker action, as the shores become 
sheltered at one time and more exposed at another, from the 
amount of concealment of sea action on the surface of land caused 
by atmospheric influences, combined with running waters, and 
from unequal elevation of the land itself, the observer will, no 
doubt, require much caution while endeavouring to trace the line 
of coast of any one particular time. This will especially be the 
case when there have been oscillations, as there is frequently 
reason to conclude tlierc have often been, during a time when the 
molluscs of adjoining seas continued to be much the same as now 
found in them. 

In the Scandinavian region, where a slow rise of land (p. 439^ 
is now taking place more on the north than on the south, and 
where surface changes, of no great geological magnitude, by which 
tlie land now separating the Baltic from the Atlantic could so easily 
convert a tidclcss sea into a branch of the ocean (a tide rushing up 
tlic Gulf of Bothnia and producing its effects in the same manner 
as is now found in the Bay of Fundy), traces of elevated ranges of 
coast arc seen, which are the more interesting, as they serve to 
connect former movements of this kind with that now taking place. 
Respecting the evidence on this head, a very valuable summary 
and general view will be found in the observations of M. filie dc 
Beaumont on the researches of M, Bravais (connected with this 
subject) yi Scandinavia.* Shells of molluscs now found living, as 
littoral species, on the shores of Norway, are discovered raised 518 
(English) feet above the sea in the province of Drontheim, 482 
feet at Skioldal and Hcllesaon, 360 feet around Lake Odemark, and 
206 feet at Uddcvalla. Lines of erosion are also inferred to mark 
the former relative levels of sea and land on the Norwegian coasts. 
In Finmark traces of an ancient line of sea-coast were followed 
from Alton Bay to Hammerfest. These consisted of beaches and 
worn lines of rock, forming the section of a plane so inclined that 
while on the soutlf of Altonfiord it rose 221 feet above the sea, it 
descended to 94 feet near Hammerfest. Beneath this first line was 
a second, 88 feet above the sea in the former locality, 46 feet at the 
latter, both these lines falling from south to north, the reverse of the 
movement now taking place in northern Scandinavia. M. Bravais 

* “ Comptes Rciwlus,” vol. xv., p. 817 (1842). Report on the Memoir of M. Bravais, 
Voyage do la Commission Scientifi<pio du Nt»rd cn Scandinavio, on Lapoiiie, &c. 
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considets that an intermediate line of ancient coast occurs between 
these more marlced lines, which are not exactly parallel with each 
other, though they may appear so for short distances, showing the 
observer the necessity of exact measurements in reseai'ches of this 
kind. 

With reference to the erosion of rocks in connexion with raised 
beaches in an oceanic situation, and where sea levels are not likely 
to have been much disturbed by changes, altering tidal action 
during the amount of elevation of land inferred, attention may be 
called to one of the earliest observations of this kind by Captain 
Vetch, at the Island of.Tura, Hebrides. He there found six or 
seven lines of raised beaches, the highest about 40 feet above the 
present high-water mark. The beaches arc composed of shingles 
of quartz rock (that of the island), of about the size of cocoa-nuts, 
and they are precisely similar to those which constitute the prew nt 
beaches"on the Loch Tarbcrt side of Jura, where these raised beaches 
are well seen. Their aggregate breadth varies ‘‘ according to tlie 
disposition of the ground : where the slope is precipitious, it may 
be a hundred yards ; where gentle, as on the north side of the loch, 
three-quarters of a mile from the shore.” * The beaches repose 
partly on bare rock, and partly on a compound of clay, sand, and an- 
gular pieces of quartz rock. Captain Vetch observed that caves are 
Ibund at the same level on the north side ol‘ Loch Tarbcrt, at a 
considerable height above the sea, and as he had never seen caverns 
formed in the quartz rock of Isla, Jura, or Fair Island (Hebrides), 
except on the shore, he considers these to have been formed at tlie 
time when the relative levels of sea and land were such, as to cut 
the line of the caves. 


Geological Transactions, 2nd scries, vol. i. 
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TEMPERATURE OF THE EARTH. — ^TEMPERATURE OF DIFFERENT DEPTHS IN 
SIHKIUA. — TEMPERATURE FOUND IN ARTESIAN WELI^.— HEAT OF WATERS 
RISING THROUGH FAULTS AND OTHER FISSURRS. — VARIABLE TEMPERA- 
TURE FROM UNEC2UAL PERCOLATION OF WATER THROUGH ROCKS. — TEM- 
PERATURE OF WATERS IN LIMESTONE DISTRICTS. 

As the temperature of the earth may have an important bearing 
upon conclusions which an observer might feel disposed to form 
respecting the causes of certain phenomena wliich he may be in- 
vestigating, it is desirable that he should carefully direct his 
attention to it, so that its full value, as a geological agent, may be 
duly appreciated. Mention has been above made (p. 206), of the 
heights above the level of the sea at which, with certain modifica- 
tions, water remains in a solid state. Independently of the well- 
known action of the sun on the surface of the earth, it is found 
that, alter due allowance has been made for the temperature thus 
produced, there is another temperature, commencing at certain 
distances beneath that surface, the cause of which appears to require 
another explanation. Diuinal variations of temperature are con- 
sidered not to extend, viewing the subject generally, to a greater 
depth than about three feet, and annual variations are inferred to 
cease at from 65 to 70 or 80 feet. Beneath depths not much 
dificring from the latter, the temperature of rocks has been found 
to increase in mines, as also in the perforations into the ground 
commonly termed artesian wells. The rate of this increase of tem- 
perature has been found to vary, as might be expected, from certain 
local causes, such as the relative exposure of the mass of ground 
examined with respect to the form in which it may project into 
the atmosphere, should it be a mountain, its proximity to any par- 
ticular source of heat, such as a volcanic region in activity, and the 
different circulation of water amid its parts, either among fissures 
or through beds of rocks of variable porosity. 

We have seen (p. 291) that in the colder regions of the 
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northern hemisphere frozen ground may descend to very different 
depths* While in Siberia ice is still found at a depth of from 
800 to 400 feet, in the same latitude (62^ N.) in America the 
ficonsn (ground does not extend beneath 26 feet; so that very 
modified conditions must exist for the temperature of the two 
r^ons. While, however, this may be the case, it is interesting 
to find (note, p. 291) Aat the mineral accumulations passed 
through in Siberia show an increase of temperature downwards, 
so that, while at 75 feet beneath the surface it was 21®*2 (Fahren- 
heit), at 378 feet it was 31^-1. The circulation of water in mines 
can scarcely otherwise than produce modifications of au important 
kind as to the exact rate of increase of heat downwards, though the 
fact itself, in its generality, may be evident, since the excavai ion 
of the mine, and the necessity of keeping it clear of water wliile 
its works are in progress, will cause water to descend 1‘roin the 
surface downwards, more or less bringing its first temperature with 
it, to the deptlis whence it is again raised to the surface.* In dis- 
tricts, such as tliose of mines often are, broken by numerous fis- 
sures, this introduction of siu'fhce water, continued for a long time, 
may produce very modifying influences. Still much may bo ac- 
complished, with care, in mines, by selecting portions of’ rocks 
of the more solid kinds, and in situations where the temperature 
produced by the miners, their lights and their works, especially 
those carried on by blasting with gunpowder or gun-cotton, may 
cause the least amount of error in the needful expcrimcnts.t 


• In some mining districts, the descent of water from the surface downwards, and 
the stoppage of its progress upwards from depths beneath the mining open^tions, have 
been found so to intercept the outflow of the previous natural springs, as to be pro- 
ductive of much inconvenience to the inhabitants, with respect to their supply of 
water for household purposes. 

t M. Cordier, who has paid great attention to this subject, adopted the following 
method of obtaining the temperature of the rock itself, in certain coal mines in 
France. The thermometer was loosely rolled in seven turns of tissue-paper, closed 
at bottom, and tied by a string a little beneath the other extremity of the instrument, 
BO that so much of the tube might be withdrawn as might be necessary for an observa- 
tion of the scale, without fearing the contact of the air ; the whole contained in a tin 
case. This w’as introduced into a hole from 24 to 2(i inches in depth, and 1^ inch in 
diameter, inclined at an angle of 10® or 15®, so that the air, once entered into the 
hole, could not be renewed, because cooler, and consequently heavier, than that of the 
levels or galleries. The thermometer was kept as nearly as possible at the temperature 
of the rock, by first plunging it amid pieces of rock or coal freshly broken off, and by 
holding it a few seconds at the mouth of the hole, into which it was afterwards shut, a 
strong stopper of paper closing the aperture. The thermometer usually remained in 
the hole about an hour. — “ Essai sur la Temperature de la Terre Memoires de 
r Acodamie, tom. vi. Other observations have been made on the temperature of the 
rocks in mines in various ways, and among them, holes, a yard or more in depth, have 
been drilled in convenient situations, and the temperature observed for a given period, 
such as a year or more. 
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Artesian wells have been found very valuable in affording in- 
formation as to the temperature of the earth at different depths 
in certain localities, the bore-holes and the waters nmg in them 
showing an increase of temperature with the depth. Though nu- 
merous experiments have been made upon the heat found at 
different depths in these wells, few have attracted more attention, 
from the care taken in conducting them, the kind of ground per- 
forated, and the depth of the well itself, than those at Grenelle, 
near Paris. The rocks traversed consist of successive beds of 
various kinds, a tliick one of chalk being among the most prominent, 
and are situated far distant from any volcanic vent or any known 
disturbing cause of that kind. After exliibiting an increase of 
temperature downwards, as the work proceeded, it was found by 
MM. Arago and Walferdin that when the well had reached the 
cretaceous clay known as the Gault, at the depth of 1,657 feet, the 
temperature was 79® *5 (Fahrenheit), audit became 8F*7 lower 
down, at 1798 feet.* 

With respect to the temperature obtained in artesian wells, it is 
desirable that the mode of occurrence of’ the rocks of tlie district in 
which they may be situated should be carefully considered, so that 
the rise of thermal springs beneath the mineral accumulations 
traversed may not complicate the heat found. As, for example, 
should it liappen that in a country affording a section similar to 
that bcncatli (fig. 160), a series of nearly horizontal deposits c, 


Fig. 160. 



rests upon a previously-disturbed assemblage of beds, d, traversed 
by faults, e and /, formed prior to the accumulation of tlie upper 
beds, by Cy and that thermal waters rise through these faults, as 
they often do, and as previously noticed (p. 22), the ordinary 
supply of rain water entering at and passing to a lower porous 
bed e, the temperature of the earth at any artesian boring, situate 
at hy might, to a certain extent, be obtained, while another well 
sunk at being immediately near a supply of thermal water througli 
tlie fault e, would give a more elevated temperature, tlie liigher in 

* It 19 calculated that, taking the constant temperature (.'i.S®) of the caves of the 
Paris Observatory, 91^ feet beneath the surface, these temperatures would give an 
increase in heat at the rate of 1° centigrade (F*8 Fahrenheit), for 32’3 metres^ nearly 
106 English feet (10.5 feet 11*6.59 inches). 

2 H 
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proportion to the volume and velocity (p. 22) with which the 
previously-suppressed ready out flow can nowmore freely find vent. 
This is by no means an unnecessary circumstance to be regarded, 
since in districts such as that of the neighbourhood of Bath, there 
IS evidence of‘ faults, some of them of considerable size, having been 
formed anterior to the accumulation of the new red sandstone and 
oolitic series of that country, the surface of the fractured and con- 
torted rocks being covered by the nearly horizontal beds of these 
deposits, and as the thermal waters of Bath (116° Fahrenheit) 
appear to rise through one of the old fissures, a ready vent for them 
occurring through the superincumbent beds, as at I (fig. 160). 
The observer would do well to search in such suspected districts 
for the temperature of waters pouring abundantly through any 
faults as at k. And it is worthy of remark, that in the district 
above noticed, a thermal spring (temp. 74°) appears among t!io 
older broken and disturbed rocks at the Hotwclls, Bristol. 

Kegarding the temperature found at different depths in artesian 
wells, and the variations sometimes observed therein, it will have 
to be borne in mind that the different seams of rock whence water 
may be obtained, though not in sufficient abundance for the 
supply sought, will, from any different porosity in them, only 
permit waters to permeate or flow through them in such a manner 
that a given quantity can pass through each in a given time, thus 
influencing the circulation of any heat which they may carry with 
them from one part of a series of beds to another. If the following 
section (fig. 161) represent that of certain beds of rock traversed 
in sinking an artesian well, a, a being a clay, such as the London 
clay ; b a porous bed of sand and gravel, gathering* surface 
waters at c ; d chalk; e sands receiving surface waters from /; 
g clay or marl, and i other sands or gravel gathering surface 
waters at h, we have very different porosities of the beds 



which can permit water to pass somewhat freely through them. 
Upon perforating through these beds, as at m, their relative per- 
meability to water would influence the temperature in such an 
artesian well, a highly-porous bed, J, carrying its surface waters 
more readily to the well, to rise through it, than the chalk, c?, 
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beneath ; as would probably also happen with the sands lower down 
at e. In all cases of this kind, an observer has to allow for the 
friction of the water through, and capillary action in the rock, 
which can only permit the circulation of this water according to 
needful conditions, so that it can only be delivered into the artesian 
well at a certain rate in each case.* In the section (fig. 161), a 
smaller well is represented as sunk at w, to the sands, e /, and on 
the bend of the beds, where, in consequence, the heated waters are 
more able freely to ascend, and be replaced by heavier and colder 
water, always supposing the whole to have a temperature above 
40' Fahrenheit. In this case it might be inferred that, from the 
greater facility of percolation from the surface, /, to the bottom of 
the well, w, on the one side, the water would produce a lower tem- 
perature in the rock through which it passed, than in the same bed 
of rock at At and jo, part of the curves of two porous, inter- 
stratified with less permeable beds, k Z, are represented, (forming 
thus, as it were, flat pipes,) for the purpose of showing that, if the 
curve were continued downwards on the left, water percolating in 
them, heated beneath, and not easily escaping upwards, might 
possess a somewhat higher temperature than at the same deptlis 
from the surface in the adjoining beds, (supposed, for illustration, 
to be equally porous,) not having the same facilities offered for 
obtaining, by circulation according to temperature and densities, 
colder waters from above. 

To whatever extent water, permeating amid rocks, may modify 
their temperature, the greatest density of water will have its 
influenje. In all regions where the annual temperature is such as to 
exceed that of the greatest density, however the surface, and 
corresponding deptlis beneath, may be acted upon, after 60 or 80 
feet, the hotter waters would tend to rise and the colder to descend. 
In those, however, where the temperature is such that the water 
takes a contrary course, instead of cool waters descending to modify 
any heat which the containing rock might otherwise possess, they 
would ascend. For example, in the Siberian shaft (p. 291), 
descending beneath the 378 feet at which a temperature of 31®*1 
was obtained, and allowing the same rate of increase as was found 


* U is often practically found, in borings for common wells, that the relative 
porosity of the rock or rocks traversed, and the consequent possible delivery of water 
into them, have not been sufficiently regarded. Though certain loose sands and 
gravels may afford a volume of water considered most abundant, so far as the supply 
sought is regarded, rocks generally are but filters of various degrees of porosity, 
and only capable of permitting water to pass through them in a given quantity 
and time. 

2h2 
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ftom the dq>th (if -75 feet, naa^y, ahcrat 1® (Fahronheit) for each 
30 fee^* it would only be at a depth of about 630 foot that water 
at 39®*5 (Fahienhdt) would be found. 

Aa to the aprings which riae from fiasurcs, such aa thoae above 
mentioned (p. 465), a lower temperature, without due precaution, 
will often be obtained than ahould be aasigned them, even aup- 
poaing that the waters, aa they flow upwards from various deptlis, 
lose much of their original temperature, and acquire that of the 
rocks amid which they risc.t Tlie heat of ordinary springs lias 
also to be careliilly ctinslclcrod with reference to the kind and iikkIc 
of occurrence of the hard rocks or less coherent accumulations of 
matter whence they issue. If we suppose a in the liillowing 
section (fig. 1G2) to be a porous sandstone, resting upon a bed of 


Fig. 16S. 

a 



clay, b b\ the rain-waters, absorbed by the former, are prevented 
from permeating downwards by the latter, so that tlie water not 
retained amid the sandstone, issues as springs, on tlie side ol‘ the 
hill, at the top of tlie subjacent clay. Should another sandstone, 
or any other rock, through which water may readily percolate, e c\ 
occur beneath the clay, this porous stratum also based upon an 
impeivous bed, d d\ the atmospheric waters, with any water 
derived from the springs above and absorbed by the lower porous 
rock, could alone find a natural outflow, as springs, on the side of 
the hill d t ; while in the opposite direction, d! t\ they would 
saturate that portion of the bed, laterally aiding, by their super- 
abundance, if we infer the needful facility of' passage, the springs 
between c d. The dotted line t representing any depth be- 
neath which an uniform temperature is preserved throughout the 
year, should water percolate slowly to the surface, there would bo 
— all other things being equal — a tendency between a and h, and 
c and d, on the one side, and a and V on the other, to have springs 
issue with nearly equal temperatures. At iVy also, if' a well be 
sunk, the temperature of the water being within the depth of' 

♦ This rate of increase of temperature very nearly coincides with that obtained at 
Grenelle, namel/, 1°'8 (Fahrenheit) for 53 feet. 

t It is commonly needful to clear away the ground, so that a thermometer may be 
plunged in the water where it rises amid the rocks themselves. And this is especially 
necessary when the volume of water is far from considerable, and flows away slowly. 
Those thermometers in which the bulb and a portion of the glass project beyond the 
graduated scales, when handled carefully, will be found the most useful instruments. 
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variable temperature, we should expect it to be much of the same 
kind, the supply being derived laterally from the same reservoir 
which supplied the springs between e and d, and the impervous 
bed d (impervious so far as regards the ready passage of water 
through it) preventing appreciable communication with, and cir- 
culation of, waters of a higher temperature beneath. Should 
waters find their way, as springs, by means of joints or fissures, 
from the reservoirs in both porous beds, a and c d, beneath the 
line of variable temperature, more rapidly in some places than in 
others — or the beds themselves differ materially in the facility with 
which water can pass through — ^variations may be expect^, im- 
portant or not, according to circumstances, in the temperature of 
springs issuing from them. All other things being equal, the lower 
reservoir — assuming that the temperature increases from the sur- 
face downwards — would bo expected to supply the water with the 
more elevated temperature. It becomes needful, therefore, that 
after other conditions have been ascertained, the quantity of water 
delivered by a spring in a given time, and the rapidity with which 
it flows, should be duly regarded. 

With respect to the temperatures of those waters which, in lime- 
stone districts especially, rush out, often in considerable volume and 
with much force, from subterranean channels, and which result 
from the loss of many minor streams and of rain-water amid fissures 
and cavernous rocks, they may be often very deceptive. Should 
the waters have been absorbed partly as streams, previously ex- 
posed to the temperature of the climate of the region, and partly 
derived from slow percolation through chinks, joints, and the minor 
cavernous structure of the rock, a mixed heat would follow, afford- 
ing no correct data as to the temperature of the subten-anean chan- 
nels through which the waters have passed. When, also, the whole 
is derived from the absorption of atmospheric waters by channels of 
various kinds, the rapidity of passage of the waters downwards to 
the great drainage stream, and the differences in tliis respect have 
to be considered, as also the chances, not uncommon in some dis- 
tricts, that great fissure waters, derived from considerable depths, 
may not be mingled with the general volume of those discharged. 
Hence much care is required in investigating the temperatures of 
waters thus discharged, however desirable it may be that they 
should be properly ascertained. 

While on the one hand the observer has to regard the adjustment 
of water, permeating amid the fissures and joints, or the mass of 
rocks, to its greatest density, and the variable mechanical manner 
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in which this may be effected, he has also to consider the depths at 
which water itself may cease to exist ; assuming the increase of 
temperature from the surface downwards, whatever its rate, locally 
or generally, to be certain, as the general evidence would lead us to 
believe. Should it be inferred that the rate of increase of heat 
usually supposed probable, namely 1° Fahrenheit for each 50 to 
60 feet, is too great, and that sufficient information as to this rate has 
not yet been obtained, if we take only 1° for every 100 feet, we still 
seem to obtain a comparatively minor depth, allowing for increase of* 
pressure from the superincumbent water, with the friction on the 
sides of any fissures, for that portion of the earth’s crust in which 
water may be considered to circulate under the most favourable con- 
ditions, Taking the ordinary mode of calculation, allowing for pres- 
sure at increased depths, and assuming every facility of movement 
of the waters in a fissure, it may be estimated that at a comparati vely 
moderate depth steam would be found instead of water. 

Waters in fissures, rushing upwards with a rapid rate of outflow 
and in considerable volume may (as noticed p, 19) bring with them 
a greater temperature than those finding their way upwards with less 
velocity and in smaller quantity, the one heating the waters com- 
municating with them laterally in their course upwards, beyond 
the temperatxire due to the containing rocks themselves, and the 
ordinary percolation of water through them ; the others being 
cooled by these lateral waters. In certain districts, such as those 
where volcanic fires have once found vent, and which may be now 
concealed by various overspreading aqueous accumulations, there 
may be influences of tlxis kind much modifying the exact depths at 
which certain temperatures would otherwise be found. No doubt, 
supposing a general source of heat to exist in the earth governing the 
outer temperature of its crust on the great scale, these would be 
merely local variations, yet, when endeavouring to ascertain the 
distribution of heat in the globe, all such variations require attention, 
so that the disturbing circumstances may be duly separated from the 
essential causes of the increase of heat downwards from . its surface. 
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MODE OF ACCDMULATION OF DETRITAL AND FOSSILIFEROUS ROCKS.— DETRITAL 
ROCKS CHIEFLY OLD SEA-BOTTOMS. — MIXTURE OF BEDS WITH AND WITHOUT 
FOSSILS. — VARIABLE MODE OF OCCURRENCE OF ORGANIC REMAINS. — SEA- 
BEACHES OF THE SILURIAN AND DEVONIAN PERIODS— OF THE NEW RED 
SANDSTONE TIME, MENDIP HILLS, ETC. — OF THE LIAS PERIOD.— VARIED 
MODES OF OCCURRENCE OF THE LIAS. — BORING MOLLUSCS OF THE IN- 
FERIOR OOLITE TIME. — OVERLAP OF INFERIOR OOLITE, MENDIP HILLS. — 
LIAS CONGLOMERATE PIERCED BY BORING MOLLUSCS.— LAND OF THE TIME 
OF THE LIAS. — EVIDENCE OF LAND FROM FRESH-WATER DEPOSITS. — EF- 
FECTS PRODUCED ON COASTS, RIVERS, AND LAKES, BY CONTINUED ELEVATION 
OF LAND ABOVE SEA.— ELEVATION OF LAND OVER A WIDE AREA. — EFFECTS 
OF CLOSING THE STRAITS OF GIBRALTAR. — UNEQUAL ELEVATION OF 
LAND. — LAKES ON THE OUTSKIRTS OF MOUNTAINS. — MIXTURE OF ORGANIC 
REMAINS OF DIFFERENT PERIODS FROM SUBMERGENCE OF LAND,— VARI- 
ABLE EFFECTS OF SURMERGENCE OF PRESENT DRY LAND. 

The observer, having well considered the manner in which the 
accumulations of mineral matter are at present effected, chemically 
and mechanically, through the agency of water, as also the mode in 
which the remains of animal and vegetable life may be entombed 
amid such accumulations, has to study the various layers, beds, or 
other forms of mineral substances formed by aqueous means, and in 
which organic remains are more or less distributed in various parts 
of the world. In one respect he has an advantage over his previous 
investigations, inasmuch as while he could then often only infer 
that which takes place beneath seas and lakes, he has in these rocks 
frequent opportunities of obtaining direct evidence of that which 
actually occurred beneath them, the large proportion of these beds 
being the bottoms of various seas or bodies of fresh water, deposited 
over each other, and subjected to variation from local causes. 

Inasmuch as the dry land of the world is thus little else than the 
bottoms of seas and lakes, intermixed with igneous matter vomited 
upwards at different times from beneatli the surface of the earth, 
some of the latter spread at once on this surface, at other times 
only laid bare by the removal of superincumbent deposits, the 
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observer will have to dismiss from his mind the existing dry lands 
and waters of the world and substitute such otlier distributions of 
them as may best accord mih the evidence which, from time to time, 
he will obtain. No matter how highly raised into mountains, or 
slightly elevated in plains, these ancient bottoms of* oceans, seas, 
and bodies of fresh water may now be, they did not constitute dry 
land when formed, and consequently waters once ixvupied tlie ureas 
wliere they now occur. We have seen that, to produce detritul ae* 
cumulations, certain conditions of dry land are needed, whence their 
component parts Imve to be derived; and, therefore, to li)nn llie 
ancient sea-bottoms oi‘ any given time, dry land ajrpears re<|uire<l 
out of an area so cireumstanc^Ml, and 3^et si) near to it as to allbrd 
the materials found. Considerations tliis kind demand an en- 
larged view ol the pliysical geography ofditli'vent genlogicul tinu*s, 
and such a disregard of tlie existing ilistribution of land and H'ater 
that while all due weight is allowed it)r the emplo^'inent of a givem 
amount of mineral matter, c»vor certain large areas, in the produc- 
tion ol dotrital accumulations of dllferent dates — tlie wearing away 
of one portion raised above the ocean presenting materials for an 
Cipuil and subse([ucnt deposit beneath it in an adjacent situation ; 
and consequently, that oscillations in the relative levels of tlie ex- 
isting areas of our present continents may keep such matter much 
in one largo area, the mind of the observer must not be too much 
occupied by the present arrangements of land and water on the 
surl*acc of the earth. 

While evidence is sought amid dctrltal or fi)Sslliforoiis accumu- 
lations, of the mode in which tlie mineral matter of’ rocks has been 
chemically or mechani(.‘ally gathered together, and the observer 
endeavours to trace among them former hcaehes, estuaries, bays, 
promontories, shallow and deep seas, I’resh-watcr lakes, and the 
other modifications ot water around and amid dry land, he has at 
the same time most carefully to study the in<xlc of oc^currcncc of 
any organic remains found in these accumulations. He will have 
to see if there be evidence that tlie animals or plants lived and died 
in or upon the beds where their remains are now found ; or 
whether, after death, such remains were drifted into these situa- 
tions. He will also have most carefully to refer to tlie distribution 
of the animals and plants existing at any given geological time, 
according to conditirms, regarding that distribution as well on tlie 
large scale as with respect to any minor area. 

With rcsiiect to the class oj' rocks usually named fomliferous, 
this term has to be regarded in an extended sense. It is by no 
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means required that the various beds composing any given series 
of sea-bottoms, should all contain organic remains in certaiii 
localities. Frequently, as in the subjoined sketch (fig. 163), 
representing a series of beds of rock, abed and s, exposed on a 
cliir, one ol‘ them only, sucli as d, may contain them, the others 

Fig. m. 



not iifUnxling any aniinul or vegetable exuvia}. These lyeds are not, 
however, the less interesting on that account, inasmuch as Sf.>me 
cause lor this clitlercnce may present itself by diligent investigation, 
of importance as bearing upon the conditions, or their modifica- 
tions, under wlilch the whole series may liave been Ibrmcd. 
Should tlic bods be of different substances — [is, for cxainplc, should 
a b and e be formed of sands of dificrent kinds consolidated, as 
hereafter to be noticed, into sandstones ; c, of gravels now hardened 
into a conglomerate ; and d be comjx)sed of mud, now constituting 
a sliale; the mode of accumulation of the non-fossiliferous beds 
have t^) be studied, as well on the small as large scale ; and tliis 
study may tend to sliow how it probably occurred that the mud 
contained the remains of life, which has existed on or in this sea- 
bottom of the time, while no sucli remains are found in the sands 
and gravel. 

Some rocks arc only seen to be fossiliferous at rare intervals, a 
depth of‘ perhaps only two or three inches affording organic 
remains, tlicsc occurring amid a great mass of mud, silt, and sand, 
as, lor example, among the lower of the oldest fossiliferous deposits, 
the Silurian, — a class of rocks for the due appreciation and know- 
ledge of wliich geologists stand so much indebted to Sir Roderick 
Murchison. In certain parts of this series, as developed in the 
J British Islands, there are hundreds of feet in depth, in some 
localities, where no trace of an orgimic mmain is found, and then a 
thin seam, replete with the remains of animal life, may be seen, 
showing that the portion of the sea-bottom which it represents was 
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a mere thin sheet of little else than the crustaceans, molluscs, and 
corals of the time— partly, perhaps, living, partly dead, or all in 
one state or the other. Nevertheless, the whole series of deposits 
of which such seams constitute a portion (forming, as it were, rare 
streaks in the general mass), is the section of a certain minor area 
in the sea-bottoms of the time and locality, wherein the fitting 
conditions for the development of the germs and subsequent 
existence of the perfect animals occasionally presented themselves. 
The probable cause for this distribution and mode of occurrence 
has to be sought and well considered ; and herein the non-fossili- 
ferous portion of the general mass becomes important for the solu- 
tion of the problem. 

At other times very variable kinds of beds arc all full of organic 
remains, as, for example, in such a section as that beneath (fig. 164), 

Fig. 164. 



where a cliff may afford a view of the various sea-bottoms, which 
have succeeded each other in that locality, when the whole was 
beneath water. If, for illustration, a be a calcareo-siliceous sand- 
stone ; A, a coarser-grained siliceous sandstone ; c, a marl or clay ; 
and d, a fine argillo-siliccous sandstone ; then, so far as the section 
extends, a silty bottom was first formed, to which succeeded mud, 
which in its turn was covered by siliceous sand ; over which, as 
the general accumulation proceeded, a finer sand, with the addition 
of calcareous matter, was deposited. There is here evidence tliat 
the physical conditions affecting the area wherein tliese deposits 
were effected must have been modified or changed, and an observer 
would in consequence search for that showing how far any modifi- 
cation or change in the animal life, the remains of which arc 
detected in the various beds, may have been contemporaneously 
pnxluced. 

In seeking the boundaries of any ancient land which may have 
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furnished the mud, silt, sand, and gravels of accumulations around 
it, of whatever geological date the one or the other may be, it 
becomes evidently important to look for traces of ancient beaches, 
inasmuch as these show the actual mar^ns of the seas of the time. 
From the desire at present manifested! of following out investiga- 
tions of tliis order, such beaches have been more frequently detected 
than might at one time have been expected. From the researches 
of Professor Ramsay it has been ascertained that during the deposit 
of the Silurian rocks of Wales and Shropshire, there was a time 
when the older accumulations, now forming the district of the 
Longmynds, rose above the sea, and were bounded by beaches ; 
while a part of the Silurian series, named the Caradoc sandstones, 
was being deposited adljacent to them.^ Again, in the Malvern 
district, the labours of‘ Professor John Phillips have shown that 
at about the same geologiail date, a portion of the grenites of the 
Malvern hills must have been above the sea ; a beach deposit, in 
whicli there are angular fragments of the pre-existing rocks, 
occurring at the Sugar-loaf Hill, on their western flank.f In both 
coses organic remains are detected mingled with the shore accumu- 
lations, and Professor Edward Forbes considers that those which he 
has examined in the Longmynd district are of a coast character.^ 
These may not be among the oldest beach and littoral deposits in 
the British Islands, inasmuch as where conglomerates are found 
among the beds of the Cambrian rocks near Bangor, North Wales, 
such may also have constituted the shores of still more ancient 
lands, furnishing the materials for these conglomerates. 

In t]ie ascending series of fossiliferous rocks, the materials of 
which were furnished at succeeding geological times, the like kind 
of evidence, if carefully sought lor, is to be obtained in many 
localities. To take the old red sandstone series, as shown in the 
British Islands, while part of it may merely constitute a portion of 
deposits formed one after the other beneath the waters of a sea, as 
in Devonshire, other parts point to a littoral origin. This may be 
well inferred from the mode of occurrence of the old red sandstone 
scries in parts of Ireland, North Wales, and Scotland, where 
shingles of various sizes, sometimes large, are arranged around 
masses of older rocks, and follow many sinuosities of the more 
ancient hmd against which they were piled. Portions of the older 
land of the time have sometimes an insular character, as, for exam- 

• “ .Umriial of tho e«coloj;ical Society of London,’* vol. iv.. p. 204. 

+ Memoirs of the Gooloj»lcal Survc) of Groat Britain,” vol. ii., p. 67. 

I Journal of the Gaological Society of Loudon,” vol. iv., p. 297. 
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pie, in the county Kihlai'e in Ireland, where the ninge of lieights, 
chiefly known, from one of them, as that of the Cliair of Kildare, 
seems to have risen above the sea of the time, its rocjks furnishing 
materials for the sliingle on its shores, the whole having been sub- 
sequently covered, or nearly so, by tlie calcareous deposit known 
as the carboniferous limestone. The removal or denuclation of this 
limestone (in its turn furnishing an abundance ol‘ tlic sliingles or 
gravel at other and later geological times) has in a great measure 
disclosed this arrangement of parts, and left the range of* the Chair 
of Kildare, even now rising like an Island above a level distrust. 

Quitting these more ancient accumulations, and still not passing 
beyond the area of the British Islands, in order to sliow how much 
of this kind of observation may be carried mit in such a minor 
p'>rtion of the earth’s surface, we again find marked evidences of* 
beaches at the time commonly known as that of the new red sand- 
stone series, (me in these islands following much new adjustment in 
the relative distribution of land and water, by whicli the former 
bottoms of seas and of* fresh- tvater deposits were irregularly ujiraised. 
In Soutli-western Ihigland and in South Wales, the beaches oftliis 
time, tlioiigh tliey are by no means absent or indistinct in many 
other districts, arc particularly well exhibited. 

Among the Mendip Hills (Somerset), in various parts of Glou- 
cestershire, Monmouthshire, and in Glamorganslilre, we have, from 
the removal of subsequent accumulations by . denuding causes, 
evidence of ancient shores, as is tlie case near the Chair of Kildare, 
tliough the latter are of curlier geological date. As at the latter 
als(j, from a repetition of similar causes, we seem to liave islands 
with their beaches before us, much as they existed at this sub- 
sequent time. In investigations of this kind it sometimes liajqx^ns 
that sections are presented, or information obtained, justifying the 
construction of sections, by which it is shown that, during tlie 
submergence of the dry land, while the mud, silt, sand, and shingles 
were accumulating along the shores and the islands of the time, 
beach after bcacli, became buried up, a long wide-spread patcli of 
sliingles covering some subjacent ground, as it gradually sank 
beneath the sea level of the period. 'J’hc subjoined sections (figs. 
165, 166) of . the ancient island of old red sandstrme and car- 
boniferous limestone of the Mendip Hills, and also of another 
island of* a somewhat similar character, one of several in the 
vicinity of Bristol, may serve to show this circumstance; as also 
how shingles of the same general character, and derived from 
subjacent or adjoining rocks, under similar general circumstances, 
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may be accumulated aa a beach, on sloping ground, during the 
lap-sc of much geological time, while the dry land of a particular 
locality became gradually submerged beneath the sea. Both 

Fig. 165. 



a, rt, rt, lU.sturbcd ImxIb of rarymniferous limesfone ; A, A, conglomerate of pebhlea 
derived from the subjacent or adjoining rocks, cemented by magnesio-calcareoiis 
matter; c, red marls; </, ^/, line showing how denudation might cause successive 
accumulations to appear as of one time. 

sections cxliiblt the beaches, usually composed of shingles of car- 
boniferous limestone, now cemented by magnesio-calcarcous matter, 
jutting, tis it were, into the red mud of the time, (now red marls,) 
liaving cxtcndc'd over (me portion of it, during the submergence, 
and having been covered by another as this proceeded. One 
section (tig. 1G5) shows only the accumulation of the red mud 
(marl), while the other (fig. IGd) exhibits a subsequently-formed 
deposit of dark mud, sometimes calcareous, alternating with an 
argillaceous limestone, togctlicr known as the lias. In the red 


Fig. 166 . 



M, fif beds of disturbed carboniferous limestone ; A, A, conglomerate of pebbles 
derived from the subjacent or ailjoining rocks, cemented by magnesio -calcareous 
matter; c, red marl ; f/, lias; B, Blnize Castle Hill, near Bristol; s, Mount Skithom. 

mud no^ traces of a marine organic remain have been detected in 
that district, though more northerly streaks of them arc found ; 
but even supposing some rare organic remains may hereafter be 
discovered, there is still evidence of a beach resting on a coast, 
this beach thrown up by seas during a period when the dry Land 
was becoming gradually submerged, and a change was eflectlng in 
the existing conditions, so that the adjacent sea was no longer 
wltliout animal life, or at least only contained a small p(.>rtion of 
that affording harder parts for preservation amid the deposits of 
tlie time, but swarmed witli molluscs, fish, and reptiles. The 
manner in which tlic filling up was cflectcd is well shown in 
the section near lUaize Castle (fig. IGG), though evidence of this 
kind is to be found as well elsewhere ; one patch of lias (d, on the 
right of the figure) nearly reachii^ over the old beach, as it 
actually does at no great distance on the westward, where it covers 
up the airljoniferous limestone on the margin of the coal-field from 


1. Old Rod Sandstone. 

2. CarljoniferouH Limestoiip, 

3. Coal MGasiiroq. 

4. Dolomltic Co!iglomcrato.. 

5. New Re<l Marl and Sand- 

stone. 

6. rja-s 

7. Inferior (X>lite. 

8. Alluvial. 
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Redland, n(‘ar Bristol, to Alvcrston, on the north. It will be 
perceived that if the denuding causes, which have removed so 
much of the deposits of a later geological date than these old 
shingle beaches, had carried off all traces of them in the section 
near Compton Martin, Mendip Hills (fig. 165), so that a sur&ce 
corresponding with the line d d, had aolj been exposed^ there 
would have been great difficult in assigning the different parts 
of this shingle (now conglomm?ate) coveriii^ to their relative 
geological dates ; though, with the old mud and sands outside of 
them, deposited at successive times, the relative date of the parts 
is sufficiently obvious. 

While on the subject of this district, it may not be uninstructive, 
as it is one fertile in information, within so very small an area, to 
call attention to the successive coatings of fossiliferous accu- 
mulations as tlicy followed one another, each spreading over a 
part of a preceding deposit, as the dry land of the Mendip Hills 
and adjacent country sank, and as it \vould appear, gradually, 
beneath tlic sea. For this purpose the accompanying map (fig. 
167) may be useful. In it the different deposits represented 
consist, in the ascending scries, of (1) old red sandstone; (2) car- 
lx)ni(erous or mountain limestone ; (3) coal measures ; (4) dolomitic 
or calcareo-magncsian conglomerate and limestone; (5) the new 
red sandstone and marl ; (G) lias ; (7) inferior oolite, and others of 
tlie lower part of the series, known as the oolitic or Jurassic ; and 
(8) alluvial accumulations, deposits from branches of the adjacent 
Britisli Channel, where these found their way amid the sinuosities 
of tlic land, often covering a plain whereon forests once grew, at a 
liighcr relative level of sea and land tlian now exists, the outcrops 
of* these sheets of concealed vegetable matter and trees forming the 
‘‘ submarine forests’* of Stolford and otlier places on the present 
coast (p. 448).* 

The darkly-dotted patches in the map (conglomerates, 4) will 
serve to show the mode of occurrence of the beaches surrounding 


* The names of the various places marked by crosses and letters in the map 
(fig. 167) are as follow Tlckenham; Nailsea; r, Chclvey; #/, Brockley; 
e, Kingston Seymour;/, Wrington; Nempnet; 4, Congresbury; /, Banwell ; 
w, Locking; n, Bleadon ; o, Lympsham ; />, Burington ; g, Compton Martin; r, Hinton 
Blcwet; East Harptroe; /, LUton; r, Chew Stoke; x, Chew Magna; y, Stowey; 
a% Shipham; Biddesham; c\ Badgworth; if, Weare; e\ Axbridge; /', Chapel 
Allerton; Chedder; h\ Priddy; i', Binegar; k\ Chewton Mendip; f, Wedmore; 
w', Uadstock; n\ Kilmersdon; o', Draycot; />', Stoke Rodney; 7 ', W'estbury; 

Wookey; s', Binder; Crosscombe; v\ North Wooton; Wells; x', Shepton 
Mallet; y\ Downhead; Mells; a", Elm; 6 ", Whatley; c", Niinney; rf", Cloford; 
e", East Cranmore ; and/', Chesterblade. 
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the older rocks of the Mcndip Hills, and an adjoining portion of 
country near Wrington,/. Although, from the tmvelling upwards 
of continuous portions of these bcaclies during the gradual sub- 
mergence of the dry land, and the subsequent wearing of the rocks, 
including all in the district, up to the time ol‘ its alluvial plains 
inclusive, they may not give the exact representation of the 
beaches of one time, they will still serve to show the manner in 
which tliey were accumulated round this old portion of dry land. 
Taken in connexion with similar facts observable even so near as 
Gloucestershire and Glamorganshire,* and looking at the size of 
the rounded fragments sometimes found in them, the effects ol’ 
considerable breaker action is observable on the shingles, and they 
seem to have been well piled up at the bottom of old bays and 
other localities where favourable conditions for their production 
existed. The following section (fig. 168 ) will show one of thusc 


Fig. 1G8. 



rt, limestone, intermingled with sandstones ancl marls, of the upper part of thr 
carboniferous limestone scries of the district, brought in by a large fault, on the N. W 
of the Windmill Hill, Clifton ; boulders and pebbles, in part subangular, of the sub 
jacent rocks, cemented by matter in part calcareo-magncsian, variably consolidated 
c, conglomerate or breccia, in which the magnesio-calcareous matter is more abundant 
becoming more so at </, where it further assumes tlic character of tlic more pure 
dolomitic limestone in which pebbles and fragments do not occur. 

ancient beaches fiiclng the gorge of tlic Avon, near Clifton, Jlristol, 
in a depression between Durdham Down and Clifton Hill, in wliich 
some of the rounded portions of the subjacent rock cannot be much 
less than two tons in weight, requiring no slight force of breaker 
action to move them and heap them up as now seen. 

The submergence of this dry land continuing while geological 
changes were being effected over a wide area, (in which tliis 
district occurred as a mere point,) and so that, without reference 
to the modifications of deposits produced elsewhere, the red sedi- 
ment of tlic seas near the shores of the land, tlicn above water in 
the area of tlic British Islands, was succeeded by others in and 
above which animal life swarmed, the beaches moved upwards on 

See the Geological Map, Memoirs of the Geological Survey of Great Britain,” 
vol. i., pi. 2, in which a large area occupied by accumulations of this class and time 
will be found represented. 
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the slopes of adjacent rocks. Thus the rolled pebbles of the latter, 
and ol* the cliffs of the time, were occasionally intermingled with 
the remains of’ the animal life then existing. Near Shepton Mallet 
in the map, fig. 1G7), where the lias (6) rests both on the old 
red sandstone (1), and the carboniferous limestone (2), there is 
much of this old shingle (now conglomerate).* The following 
(fig. 169) is a section, exhibited close to Shepton Mallet, on the Bath 
road, wherein a line of pebbles (b) is strewed over the previously 
upturned edges of supporting carboniferous limesUme (a, a), and 
constitutes a continuation of some more arenaceous and pebble 
beds, presenting much the appearance of a shore, not far distant.t 

Fig. 169, 
c 
b 

/ 

/ 
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The lias at c, covering this pebble or shingle bed, has lx?cn thrown 
down (as it is termed) by a dislocation, or fault /, so that beds 
above that at c, arc seen at <f, (7, the latter again broken through 
by a dishxjation at g, and tlie whole surface of the hill being so 
smoothed off by denuding causes, that a gently-sloping plane is 
alone seen. Before wc quit this section, it may be mentioned, that 
an observer in search of the ditferent conditions under which fossi- 
lifcrous deposits may liave accumulated will liere see tliat much 
less mud must have been mixed with the calcareous matter of the 
lias tlmn is usual in the district, and which is to be found not far 
distant from this locality. The lias limestone beds (tf, rf, d) are 
here thick, for tlic most part, and in purity more resemble the car- 
boniferous limestone (a, d) on which they rest, showing a cleaner 
state of the sea where they were formed than in those areas over 
which the usual mud, and muddy and silty limestones of the lias 
were accumulated. Coupled with the evidence of beaches, this 
greater freedom from mud would seem to point to the greater 
proximity of a sliore with minor depths of sea, near and at which 
the waters were gcncmlly more disturbed, so that the lighter sub- 

* These conglomerates, which arc abundant, and wherein the pebbles are chiefly 
derived from the adjacent carboniferous Umestone, have been long since pointed out 
by Hr. Bucklaiid and ^ho Rev. W. Conybearc (1824), “Observations on the South* 
Western Coal District of England Geological Transactions, 2nd series, vol. i., 
p. 294. 

t This wns well soon further up the roail, in 1815, at which time some new cuttings 
were in progress. 
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stances being readily held in mechanical suspension, they were 
easily moved away by tides and currents to more fitting situations 
for deposit. 

This character of a less muddy condition of the lias is by no 
means confined to the vicinity of Shcpton Mallet ; it is to be seen 
in several places in that part of England and South Wales. It is 
well shown in parts of Glamorganshire, where, indeed, as in the 
vicinity of* Merthyr Mawr care is required not to confound some of 
the lias with the carboniferous limestone to which it there bears no 
inconsiderable mincralogical resemblance. Here, again, the observer 
finds this cliaracter in connexion with old conglomerates, resem- 
bling beach accumulations of the time of the lias, pointing to the 
probable proximity of dry land, such as may be readily inferred to 
have then existed in the great coal district on the north of it, c ven 
now, after so much abrasion, diu'lng depressions and elevations 
beneath and above the sea during a long lapse of geological time, 
rising high above these deposits. In the same neighbourhood 
(Dunraven) there is also gcKxI evidence of the Has reposing upon a 
clean surface of carboniferous limestone, as will be seen in the an- 
nexed sketch (fig, 171) and in the subjoined section (fig. 170), 

Fig. 170. 



a / f 

wherein a represents disturbed strata of the latter, and h beds of 
the former, resting on their edges. In the section (fig. 170) the 
lower Ixjds (5) of the lias arc light-coloured, and contain fragments 
from the subjacent carboniferous limestone, these succeeded by 
argillaceous grey limestones at c. /, / arc dislexjations or faults, 
traversing the beds. In this case, though an observer might sus- 
pect the vicinity of a coast from the fragments in the lower lia.s, 
he would desire further evidence, and by search he would find, 

Fig. 172. 



round the point d, in the sketch (fig. 171), a conglomerate (6 h 
fig. 172), reminding liim of a beach interposed, to a certain extent 
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and level, between the beds of lias (d, d) and a worn slope of sup- 
porting carboniferous limestone beds («, n), which here, from a 
local curvature are brought into a horizontal position. At c, in 
this section, the whitish variety of the lias of the district is Ibund 
in a great measure free from muddy admixture. It is even oc- 
casionally dolomitic, and somewhat crystalline in tliis vicinity.* 
Ecturning to the minor area of the Mendip Hills for evidence 
respecting the dry land and shores of the locality and period, we 
find, as the land became more and more depressed beneath the sea, 
that the lias, as it were, crept up tlic sides of the steeper shores, 
accumulating more muddy matter outwards, depressions being 
filled up, sometimes even on the shores when siiflicicnt tranquillity 
permitted siicli a deposit, fine sediment accumulating above fine 
sediment, so that there was a kind of passage of the lias int ) tlie 
line red marls beneath (fig. 173).t 


Fig. 173. 



a, gray lias limestone and marls; earthy whitish limestone and marls ; r, earthy 
white lias limestone ; ri, nrennerous limestone; e, gray marls; r/, red marls ; /#, sand- 
stone, with calcareous cement; /, blue marl; red marl; /, blue marl ; and red 
marls. 

The oh^^erver next finds limestone beds (7), known as the irt- 
ferior oolite, resting (map, fig. 167) from Cranmorc (e"), on tlio 
south, to Mells (z') on the north, upon various older accumula- 
tions ; old red sandstone (1), carboniferous limestone (2), coal 
measures (3), and lias (6), passing over the nearly-liorizontal beds 
of the latter as well as the variously-curved beds of the three 
former. The remains of animals of marine character show that 
this accumulation was effected in a sea, and therefore, that tlio 
depression of the land above mentioned had continued ; but, as no 
distinct beaChes have yet been discovered in connexion with this 


* Part of these lower beds of the lias of the district is known at Sntton Stone, and 
has been employed for architectural purposes during many centuries, being well fittwl 
for them. 

t The section selected is from the vicinity of Shepton Mallet, reference to wliich 
has been previously made in the text, p. 481. 
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calcareous deposit, the probable boundaries between the sea and 
the land are not so apparent. The whole of the Mendip Hills 
may have been beneath the waters, though the relative levels of 
the different parts of the general masses of rock, notwithstanding 
the changes in these levels produced by various dislocations, 
effected during a long lapse of gcologiad time, would lead us to 
infer that portions of dry land may still here and there have 
risen above the sea in that minor area. He this as it may, when 
this overspread of calcareous matter (inferior oolite) t^>ok place, 
passing over the old margin of the lias, there were bare patches of 
carboniferous limestone (2) in the sea, and into these the boring 
animals of the time burrowed. Their remains arc now found in 
tlic holes worked by them ; and when g(X)d surfaces are exposed, 
an observer might imagine himself walking on limestone rocks, 
dry at low tides, in which the litlvxlomous molluscs of the present 
day were in the cells hollowed out by them. Not only arc these 
old surfaces thus bored by the rock-burrowing molluscs of that 
period (the time of tlie inferior oolite deposit), but here and tliere 
— as, for example, near Nunney { c"), — the oysters of the same 
date arc still found adhering to the bare limestone submarine sur- 
faces of the time. There may be doubts as to the depths at which 
the boring molluscs worked, and the oysters adhered to those bare 
carboniferous limestone rocks ; the w’holc of the dry land may, as 
U'fbrc mentioned, have been then under water ; but while the 
observer thus loses his traces of dry land, he has evidence that it 
still continued to descend, so that, at least, the movement in that 
dirt*cti»n had not ceased. 

The following section (fig. 174) will serve to illustrate the 


Fig. 174. 



manner in which the older beaches (rf, m) were overlapped, as it 
is termed, by the inferior oolite (^, n\ The sands, commonly 
known as the inferior oolite sands (/), separating the calcareous 
beds of the inferior oolite from the lias (c), including in the latter 
the upper beds of that rock termed the marlstone (an accumulation 
replete with organic remains), is also ovcrlapj>cd. a a CiU'boni- 
ferous limestone, h its lower shales, and c old rcil sandstone, all 
moved prior to the deposit of the other beils. A / is the clay 
known as Fuller’s earth, i its limestone. 
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With regard to the mode of occurrence of the inferior oolite (7, 
map, fig. 167), the aimexcd sketch, taken near Erome, on the 
road to Mells, will show not only the manner in which it (a) 


Fig. 175. 



frequently rests on subjacent carboniferous limestone (c), but also 
the very even surface which the latter often presents over com- 
paratively large areas in that vicinity. These surfaces arc usually 
drilled not only by the large boring mollusc of the time, occasionally 
found in their holes, as shown beneath («, fig. 176), but also, in a 

Fig. 176. 



more tortuous manner, by another animal, sections of the holes 
made by which are seen at b, b. At b (fig, 175) there is a somewhat 
arenaceous parting, covering over the bored surface of the lime- 
stone, an introduction of matter which may have served to render 
that surface no longer fitted for the habitation of the lithodomous 
animals. 

To mark the date of these borings still more perfectly, the same 
vicinity fortunately presents us with evidence (fig. 177) of a 
portion of the shingle (a), accumulated at the time of the lias 
(organic remains characteristic of that deposit as it occurs in the 
vicinity being found in it), having been cons<jlidated and planed 
down, by denuding causes, to the same level with the carboniferous 
limestone, b, i, in a cleft of which it occurs, and having been bored 
by the same marine animals anterior to the deposit of the inferior 
oolite, Cy c. Still further affording the observer relative dates for 
these perforations, he will find that the beds of the inferior oolite 
itself are thus bored, and by the same kinds of animals, as can be 
seen at the quarries of* Doulting, on the south of the Mendipe, and 



Ch. XXVI.] LIAS SHINGLE PIERCED BY BORING MOLLUSCS. 487 

near Ammersdown, on the north, where, as the beds became 
successively consolidated, they afforded the needful conditions, on 

Fig. 177. 



a 


their upper surfaces, for the existence of these marine animals, 
requiring shelter in hard rocks. 

Assuming, for illustration, that the older rocks of this small 
district became totally submerged at tliis time, the geologist will, 
as it were, have traced the state of a minor area from one where 
tliere may have been dry land intermixed with sea, to another 
where the latter overspread all traces of the former. What may 
thus be done on the small scale can sometimes be readily eflfected 
over areas of far wider extent. It can be so, with care, over much 
of thg British Islands, as respects the probable intermixture of land 
and sea, at the time of’ the accumulation of the new red sandstone 
scries. To a certain extent the study of any general geological 
map of these islands will show this, though not altogether, since 
denuding causes have sometimes so acted as to remove these rocks 
and subsequent deposits from localities which would, judging 
from the mode of occurrence of the rocks in tliem, have been 
beneath the waters at the time tliat otlier portions of these beds 
were formed.* 

It becomes extremely interesting to consider the wide-spread distribution, over a 
portion of Western Europe, of the conditions prevalent at the period when the marls 
(termed new red sandstone marls, upper trias marls, mames irisees, and keuper) 
ceased to be thrown down on the sea-bottom of the time with such a common 
character, and the mud, and calcareous mud of a succeeding accumulation, the Uas, 
also occurred over much of the same area with its common character, carefully looking 
for the probable lands w hence the needful mineral supply was derived, and around 
or on which the terrestrial plants, insects, flying, coast, and oviparous repUles, 
including the marine animals whoso preserved hard portions correspond with Uttorsl 
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Extending his views, it behoves tlic observer still further to 
consider the probabilities of dry land over wider areas, such as 
would embrace large portions of our continents, if he expects to 
arrive at comprehensive conclusions as to the conditions wliich 
may have governed the production of any given dctrital or lossili- 
ferous accumulation which he may have under examination. As 
we have seen, it is highly important for him to obtain good 
evidence of beaches wherever they can be observed, inasmuch as 
these give him the boundaries of land and sea at certain geological 
times. These, however, he cannot always detect, since their pre- 
servation will depend upon favourable circumstances, such, lor 
example, as their consolidation at the time of their production, as 
is now effected in certain localities, or their occurrence in such 
slicltered situations, under altered conditions of sea and land, that 
they could be covered up and not be removed (p. 454). 

Though fresli-wator deposits, as tliey are termed (Ironi the 
remains detected in tlicm being limited to those of terrestrial and 
lacustrine or fliiviatile life), may not give any dclinite boundaries 
of the land and sea for any given geological time, they nevertheless 
prove the existence of dry land surrounding tliem at that time. 
Supposing the great lakes of North Amciica to be filled up, 
mechanically or chemically, by mineral matter, enveloping tlic 
remains of the life inhabiting them, or drifted into them by rivers, 
and these accumulations to be elevated intf) the atmosplierc, 
forming hills and dales, or even crumpled and broken into parts of 
high mountains and deep valleys, though they would not alFord 
defined land lx)undarics, collectively taken they miglit prove the 
existence of no ineonsklorable tract of dry land at a given j)eri(>d. 

To estimate the probable preservation of such deposits amid 
movements of the earth’s surface, depressing dry land beneath the 


rroaturcs of the present time, existed. The careful skotc.hinf^, liowcvcr a]»|>roxiniate 
it miglit at first be, of the probable area occupic<l by land and sea in tlic Kiirojioan 
area at this time, with the distribution of organic remains found in the lias, dis- 
tinguishing its upiier and lower parts, would alone furnish matter for much useful 
progress in iiKiuiries of this kind. The scarcity of animal remains in the upper red 
or variegated mails, and the distribution of the little areas where these are detected, 
with the subserinent abundance of life, as shown by Its remains, constitute in them- 
selves interesting hifpiiries for those tracing out otfectH to their prohnhle causes, and 
who reason from the known to the unknown. The unequal distribution of the 
sauriaiis of the lime, so ntimeroiis and so varied in certain localities, and the patches 
whore drifted terrestrial plants are discovered, afford much information that is 
valuable, it appearing sometimes neeilful to suppose that the shores formed of the 
mud and sands of immediately preceding accumulations had been upraised almve the 
sea level, to account for these distributions. Hence the probable oscillation of the 
land at the time, above and beneath the sea, becomes also a part of such researches. 
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level of the sea, attention should be directed Uy the effects which 
would follow such a change. If any large area of dry land, wholly 
or partly bounded by seas, were now elevated higher above the 
latter, there would probably be a fringe of submarine deposits up- 
raised at the same time, while the various outflows of river waters 
would have to adjust themselves to the new sea level. Many 
estuaries would cease to be such (if the boundary seas were tidal), 
and tlic courses of their fecnling rivers would require adjustments 
in accordance with the change of level ; much additional velocity 
and consequently scouring power, the volume of these waters re- 
maining the same as a whole, being given to those parts of their 
channels, tlie adjustments oi' which had been more or less regulated 
by the former sea level. Under such conditions, it would happen 
as beneath (lig. 178), that many a river course was so lowered tliat 


Fig. 178. 



old river beds, a, a, would be left perched on the sides of valleys, 
above those which tlie river had formed for itself, either by 
removing loose materials accumulated in the valley, v, during its 
Ibrmcr adjustments, or by cutting through some rocky barrier, 6, 5, 
which the new velocity of' its course, and power to transport the 
means of eftcctivc friction, have permitted. The new anist line 
would be variably acted ujKm by the breakers. In cases of cliffs of 
hard rocks, prcviijusly descending into the sea, so that upon the 
uprise of the land tlie breakers still acted upon the cliflfe, no 
material difference would take place, except that the now shallower 
deptlis adjoining may be more disturbed than previously by waves, 
so that line sediment, formerly at rest, might be removed, and its 
further accumulation in that locality prevented. With the fringes 
of any littoral sea bottoms upraised, the eflects woidd be very dif- 
ferent. The adjustment to the previous breaker action on slmllow 
sliorcs, especially of those where the surplus sands were driven on 
land, and accumulated in sandhills (p. 59), would be destroyed, 
and tlie sea would remove the lix)se materials before It, until a now 
balance of force luid resistance had been again accomplished, in the 
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manner represented beneath (fig. 179). If in this section a be the 
surface of the sea, after an elevation of the adjoining land, so that a 


Fig. 179. 

h i 



sea bottom, h, e, be brought within the action of the breakers, A, 
under which its slope had been previously adjusted, then that 
action would readily remove the unconsolidated mud, silts, or sand 
exposed to it, as well as the remains of any animals, entombed in 
them during their accumulation, or destroyed when upraised. 
Should the elevation of the land be continued, the subjacent detrital 
bed, dy gy with any organic remains it also might contain, would, 
in its turn, be subjected to the same action, so that upon exposed 
ocean coasts, with heavy breakers, vast tracts of sea-bottoms might 
be removed, their materials accumulated elsewhere in the localities 
where they could find rest. As, under such conditions, there 
would be depths, where, from the disturbance produced by the 
waves above, a mere sifting of the materials of these bottoms would 
be effected, it is desirable that an observer should bear in mind the 
mixture which might thence arise of the hard remains of' marine 
animal life, entombed in the older sea bottoms, with those of the 
animals inhabiting the seas of the time. Should any change 
have been effected in the life of the area by the changes of* relative 
levels, during the interval of the production of the respective sea- 
bottoms, the organic remains of both might be much mingled, 
especially when accomplished in a quiet manner, so as not to injure 
the entire shells or other remains of the older accumulations. 

Upon such an elevation of land, if it were horizontal, as regards 
a particular area, upon which any fresh-water lake might be situ- 
ated, the conditions affecting the deposits in it might remain 
much the same, except in such cases as where a discharging river 
into some adjoining sea was so much changed, as regards its outflow, 
that instead of a moderate velocity, it should acquire one so con- 
siderable that the surface of the lake itself became lowered from 
the cutting down of the new channel, by which an adjustment of 
fall had been effected to the relatively new sea level. Under such 
circumstances, the area and volume of the lacustrine deposits 
thence exposed would depend upon the shallowness or depth of the 
lake. When we regard great regions of lakes, such as those in 



Ch. XXVI.] EFFECTS OF CLOSING THE STRAITS OF GIBRALTAR. 491 

North Americs, and refer to the probability of the unequal lifting 
of the land, so that one portion may be tilted more than the other, 
it is easy to conceive that the waters of great lakes can be so re- 
moved that much of their old deposits may be exposed as dry land, 
while accumulations may continue to proceed in the portions of 
their basins still submerged. In great lakes, where breaker action 
produces appreciable effects, there would be the same tendency to 
remove loose upraised bottoms, thus brought within its influence, 
as on the sea-coasts, calcareous deposits necessarily offering resistances 
in proportion to their hardness, amounting even to that of compact 
limestone. 

Turning now to the elevation of land over a wide area, so that 
the communications between seas intermingled with it and the 
main ocean may be' cut off, great geological changes may be effected, 
not only in the life of the waters enclosed by, or running amid the 
land, but in the conditions of the dry land itself. As we have 
seen (p. 71), the evaporation in the Mediterranean is so far beyond 
the supply of water it receives through the Dardanelles, from the 
Black Sea, and from the rivers flowing into it, that if any elevation 
of the land took place, so that the Straits of Gibraltar were closed, 
a change which the geologist will learn from his researches to con- 
sider as one of no great comparative amount, this sea would have 
to adjust itself to its evaporation and supply of water, so that the 
one should balance the other. The result would be a great ex- 
posure of the present shallow sea bottom of the Mediterranean, 
and a change of level by which the outfalls of the rivers would 
acquire additional velocity, one which would also be communicated 
to the current tlirough the Dardanelles, with a new adjustment of 
levels in the Black Sea and the rivers flowing into it, extending 
to the Sea of Azof. 

The great rivers pouring their waters into the Mediterranean 
would continue to produce their present effects long after a 
stoppage to a free communication with the ocean was occasioned at 
the Stmits. of Gibraltar, a vast mass of detritus being borne into it 
as now, entombing the remains of animal and vegetable life. It is 
interesting to consider, that should the adjustment required for 
evaporation and supply of water lower the level of the Mediterra- 
nean sufficiently far (450 feet), two basins would be formed by a 
barrier passing between Sicily and the coast of Africa,* and the 
mouth of the Dardanelles would present diy land after the depres- 


* See Captain Smyth’s ‘‘Charts of the Mediterranean.” 
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sion had continued to 222 feet, so tlmt either the descent of the 
waters supplied by the Black Sea would be over a rocky channel, 
or the removal of the matter in the Dardanelles and Bosphorus 
would effect a free communication with the Black Sea, lowered to 
such an extent as to produce the most marked changes on its shal- 
lower coasts, and most materially to reduce its area. 

Thus by the mere uprise of land over a moderate area, one 
comprising Spain and the opposite land of Africa, very modifying 
effects would be produced over a wide mnge of land and inter- 
mixed water. A glance at maps of the world will show how 
readily other important modifications of‘ great areas might be 
effected by comparatively local elevations of land, such as closing 
the outlets of the Baltic or the Red Sea, the one, as at present, 
continuing to obtain an outlet for any waters which may find their 
way into it, the supply being greater than the evaporation, while 
the reverse might be expected in the latter, bounded by coasts to 
which little river water flows, so that a larger area than the 
Dead Sea (its level 1312 feet beneath that of the Mediterranean), 
would be presented, all the shallow portions of tlie Red Sea exposed, 
and such extension of the sand-drifts permitted as tlie new condi- 
ditions might offer. 

From such conditions to a complete removal of water, so that 
wide tracts of desert sands are produced, the results obtained are 
but the needful consequences of an inadequate supply of water to 
compensate for the evaporation. Thus, while in Central Asia tliere 
are still the remains of the waters which once covered so wide an 
area in that part of the world, as above noticed (pp. 73^ 103), 
whole regions are strewed over with unconsolidated sea-bottoms 
driven about by the winds.* 

All such surface changes, with the various modifications resulting 
from the unequal tilting of considerable tracts of country from one 
course of general drainage to another, as can often be so easily 
effected by comparatively moderate and unequal elevations of por- 
tions of dry land, should be well considered when weighing the 
probabilities of the existence of such land in any particular part of 

* The observer will do well to study the evidence adduced by Sir Roderick Mur- 
chison and his (Colleagues (“Geology of Russia in Europe and the Urals,” vol. i., 
p. 297), respecting the character of the wide-spread deposits of the great region in 
which the Caspian is included, showing the change of life during a time when the 
area passed through a condition of brackish water to the mixture of dry land and 
water which now presents itself. An important addition to our knowledge of the 
changes which the earth’s surface has undergone, over a wide-spread region, in com- 
paratively recent geological times. 
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the earth’s surface at some given geological time. It will be 
evident that many complicated and intermingled deposits, con- 
taining the remains of marine, fresh- water, and terrestrial life, may 
be formed without the submersion of a great area of dry land 
beneath the waters of the ocean, a point of no small importance 
when the contemporaneous spread of animal and vegetable life, 
intermingled with the mineral accumulations of the time, is under 
consideration. 

Though upon an elevation of land much of the shallow sea- 
bottoms adjoining it may be exposed to the destructive action of 
the breakers, as above mentioned (p. 490), the same movement 
would cause many portions of a littoral sea bottom to be brought 
up to the height most favourable for the preservation of its slope 
seaward, and the accumulation of sand-hills beyond the new line 
of shore inland. Another effect would be the conversion of many 
arms of the sea into lakes, the shallower deptlis, found in many 
localities at the outer or seaward part of such inlets of the sea amid 
the land, forming a low barrier between the sea and the more 
inward and deeper parts then separated from it. In such cases the 
newly-included portion of the sea would gradually become less 
saline from the continued supply from the rivers which are 
generally to be found in such localities, so that, finally, a fresh- 
water lake, such, for example, as Loch Ness, in Scotland, might 
still preserve a considerable depth, its surplus waters finding their 
way to the sea by some river. To illustrate this, let, in the sub- 
joined plan (fig, 180), a, a, represent some arm of a tidal sea, 

, Fig. 180 . 



such as is to be found in many parts of the world, and b a sub- 
marine bank, in part formed by the check given to on-shore waves, 
stirring up detritus seaward, in part by drifts produced by pre- 
valent winds, as in the manner previously pointed out (p. 55, 
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fig. 50), and in part also from some check given to the outflow of 
the ebb tide carrying detritus brought down by feeding rivers, t, t, 
in seasons of flood, where it reached the general coast lino. Sub- 
marine bars of this kind are far from uncommon. Upon the eleva- 
tion of such a coast, so that its previous line, w, m, becomes shifted 
to n, rif a low piece of ground, /, /, of a breadth depending upon 
its shallowness beneath the former relative sea level, and its general 
slope might extend to a considerable distance outwards, the surplus 
river waters finding their way as a river, r, amid the new low 
ground, to the sea at o. Lakes at the outskirts of mountainous 
countries, bounded by low ground at their outlets, this low ground 
continuing to some neighbouring sea, would often appear to have 
been thus produced. In like manner numerous rivers of consider- 
able size would have their lower portions converted into lakes, 
their present bars (p. 77) with much of an adjoining shallow sea- 
bottom being upraised, so that the river formed a new channel 
between the old bar and the new coast line, where, assuming con- 
ditions to be still similar, a new bar would be formed, and the 
spread of water behind the old bar might continue as a kind of 
lake until filled by detritus, its waters, after the change, becoming 
gradually fresh from the absence of the daily inflow of the sea 
upon the flood tide. These and other mexlifications of coasts by 
elevations of land, some on the small and others on the large scale, 
will readily be seen by an inspection of the charts of various parts 
of the world, whereby it will be found that lakes would be the 
frequent consequence of such changes, especially upon mountainous 
shores, where the continuations of many valleys are beneath the sea 
level, and where, at their termination seaward, the bottoms become 
somewhat raised, forming more of a portion of a general slope in 
connexion with the adjoining sea-bottom outwards than with the 
arm of the sea continued inwards. 

The production of the lakes on the outskirts of mountainous 
districts, in the manner last mentioned, would often seem to involve 
the necessity of a previous submersion of a portion of the same 
region beneath the sea level, the arms of the sea being mere con- 
tinuations of that level amid depressed land. When such a sub- 
mersion happens — ^and there can be little doubt that it has often 
done so during the lapse of geological time — the filling up of the 
submerged portions of such valleys will be modified according as 
the land may be situated in a tidal or tideless sea. In the one case 
there would generally be estuaries and their results (p. 77), in the 
other the mere discharge of detritus outwards, much as at the head 
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of lakes, due allowance being made for the mode in which river 
waters, bearing detritus in mechanical suspension, may flow over 
the sea water in such situations (p. 63). 

We have, while noticing the accumulation of beaches (p. 56), 
the condition of estuaries (p. 58), the preservation of foot-prints 
(p. 129), coral reefs and islands (pp. 195, 200), distribution of 
erratic blocks and superficial gravels (pp. 258, 260, 263, 287), 
ossiferous caves (p. 305), and the uplifting of the subaqueous 
parts of volcanos (p. 389), been compelled to mention some of the 
effects which would be produced by the elevation and depression 
of land above or beneath the sea, and even to advert to the mate- 
rial changes which would be produced by the depression of the 
Isthmus of Panama, and the elevation of the sea-bottom between 
the north coast of Australia and the Malayan peninsula (p. 136). 
The effects thus caused have to be more or less regarded with 
respect to the mineral and fossiliferous accumulations of all geo- 
logical periods to which the modifications and changes now in 
progress on the earth^s surface are applicable. 

As with an elevation of the dry land above, so with its depres- 
sion beneath the sea, the steepness or gently-sloping character of 
the mineral mass moved has to be duly regarded. While amid a 
mountainous region the depression of the land for about 200 or 
300 feet may merely somewhat more intermingle the sea with the 
land, arms of the sea extending further into the country, the same 
depression in lower lands may cover whole districts, the tops of 
some higher grounds only rising as scattered islands amid a wide- 
spread sea. The effects produced in one region would form no 
measure of those following such a depression (in a geological sense 
of a very minor kind) in another. The change might, indeed, so 
far affect a mixed region of mountains and low plains, that some 
old state of things may often, to a certain extent, be reproduced, 
the mountains forming islands, or groups of islands, in a part of 
the ocean, and so that ravages on their flanks from heavy breaker 
action are recommenced. While, in the one case, the area occu- 
pied by terrestrial life, animal and vegetable, was comparatively 
little circumscribed, in the other, large tracts would be laid waste, 
and many a plant and animal, peculiar to the low districts, might, 
under certain conditions, be entirely swept away. 

Whether we contemplate the submersion of a large area of dry 
land, much intermingled with lakes, such as Northern America, 
partly overspread by deserts, such as portions of Africa, and Asia, 
or under an ordinary condition of the growth of trees and other 
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terrestrial plants, and an adjusted distribution of animal life, there 
would appear few geological changes so effective in bringing 
deposits marked by dissimilar organic remains into contact, than 
such submersions. Even horizontal or nearly horizontal accumu- 
lations may be thus superimposed, after the lapse of considerable 
intervals of geological time, should one sea-bottom have been long 
horizontally raised above water until a change in the relative levels 
of sea and land, in that area, produced the conditions for its sub- 
mersion and subsequent coverings by new deposits. Under such 
circumstances it may require some caution on the part of the ob- 
server not to conclude that the two kinds of sea-bottom have not 
succeeded each other quietly beneath the sea. If any low region 
be regarded with reference to the effects which might be produced 
during its tranquil submersion, such, for example, as where wide 
tracts of sand-hills border such a district, it will be obvious that 
these latter would soon disappear before the action of the sea, 
and be readily spread over the low grounds inland as these became 
depressed. As the land descended, its surface would be acted 
upon by the sea, the looser and lighter parts readily taken up and 
removed, to be deposited elsewhere in fitting situations according 
to circumstances, the larger and harder parts often, as it were, 
sifted from the finer and lighter, and occasionally enveloped by 
new detritus not far distant from their places of first accumulation. 
When a geologist considers the decomposition of* the surfaces of 
ancient and upraised sea and lake bottoms, forming soils, and the 
frequent dispersion of their organic contents either in these soils 
or subjacent decomposed rocks, he will perceive that under favour- 
able conditions, these remains may sometimes be preserved with 
little injury, and be mingled with those of the animal life intro- 
duced over the old land-surface by the new submersion beneath 
the sea. The lower part of the new accumulations and the upper 
surface of the old deposits may thus become mixed, and lead, 
without due care, to the supposition that the two were marked by 
a passage of the organic remains found in the one into the othej;. 
This is no useless caution, as the observer, when studying the 
effects produced during the submersion of some ancient land, will 
have occasion to remark. Some good examples of weathered 
fossils of the carboniferous limestone, even so much so as to be 
completely detached, may be seen in the dolomitic or magnesian 
limestone deposits (of the new red sandstone series) in Somerset- 
shire, Gloucestershire, and Glamorganshire, and these might readily, 
without due care, be considered as organic remains of the later 
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geological time. It is as if, after abstracting the turf or soil cover- 
ing the carboniferous limestone of a distriet, and the quiet removal 
of the intermingled earth in place, a deposit of magnesio-calcareous 
matter was thrown down from solution amid the fossils and frag- 
ments of the older rock. The fitting of deposits of this kind into the 
inequalities beneath is well shown in the district to which allusion 
has been made, and may be illustrated by the following section 
(fig. 181), seen at Pen Park, north of Bristol, where the dolomitic 


Fig. 181. 



or magnesian limestone, b, rests upon the edges of upturned beds 
of carboniferous limestone, a, a, into the superficial inequalities 
and interstices of which it enters, covering up blocks of the same 
rock, c, reposing on the surface before the deposit of the newer 
rock. In such localities, the weathered portions, including fossils, 
of the subjacent rock may sometimes be found penetrating or in- 
termingled with the subsequent accumulations, occasionally mark- 
ing a state of much tranquillity, and as if an overspreading deposit 
had been effected on an old surface of land which, in favourable 
localities, had not been much subjected to breaker action, rounding 
the fragments and destroying the old weathered surface of the 
•V rock. 

That a mixture of the organic remains of former geological 
times with those of molluscs and other marine animals, the species 
of which at present exist in the seas adjoining, is now taking 
place, a walk along many a coast will show, shells especially being 
seen washed out of sands and clays forming the cliffs, and being 
’mixed with those now cast on shore. We are, therefore, well 
prepared to expect that when, during a submersion of dry land, 
the loose surfaces of ground, with distributed organic remains, are 
exposed to similar action, the results will be the same, with this 
difference, that while, on an exposed coast, the ancient and mo- 
dern organic remains may often be all ground down together into 
one common mass, in a submerging land, more sheltered localities 
may frequently present themselves where the ancient organic 
remains could be more quietly sifted out of the loose earthy mat- 

2 K 
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ter surrounding them, and be intermingled with the exuviae of 
animals, the habits of which lead them to prefer equally tranquil 
situations. 

Fully to appreciate the varied geological effects which may be pro- 
duced by the submersion of differently circumstanced dry land, it 
may not be uninstructivc to consider those which would follow the 
re-establishment of the sea over the many thousand square miles now 
occupied by the great desert or deserts of Northern Africa, Sahara 
and others. Judging from such observations respecting the heights 
of parts of these deserts as appear deserving of credit, a submer- 
sion of the kind mentioned as probable for the British Islands 
during the inferred cold period preceding the present state of that 
area, namely, from 1,200 to 1,500 feet, would place at least a large 
portion of them beneath a continuation of the Atlantic. Al*? the 
sea moved inwards, according to its level, however tills might pre- 
sent itself with respect to the variation from horizontality, wholly 
or partially, of the submerging land, the sifting of hard and coarser 
parts from the lighter and softer would be effected. Thus the 
remains of men, camels, and the ordinary desert animals, here 
and there mingled with the additions to the former which the 
oases produce, might be mixed with those of the marine animals 
introduced with the sea as it advanced over the land. Should 
there still be organic remains amid the sands of the deserts, 
entombed when the whole had previously been beneath water, 
these also might be mingled with the animal exuvia) of the new 
sea-bottom. 

Wlien we consider the depression of land occupied by my.ny and 
perhaps great lakes, such as those in North America, the amount 
of submersion more in one part of the general area than in another 
lias to be duly regarded ; as also the consequent different conditions 
under which tlicse bodies of fresh water may be placed. While 
the progress of’ depression may in some cases bo such that the out- 
flowing waters were gradually shortened in their courses, until tlie 
time arrived when the sea entered into the lakes, a. mere over- 
topping of the fresh- water basin being accomplislied ; in others the 
unequal tilting of the ground may have occurred so that the sea 
was introduced and covered a deeper portion of the lake basin in 
one direction than in another. Inferring tlic usual mode of dis- 
tribution of matter by the combination of wind- wave action beneath 
the sea at the proper depths, and breaker action on the shores, 
with the effects of tidal streams in tidal seas, the accumulations 
might so far differ under these conditions that while, in both 
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instances, the animal life gradually became adjusted to the sea, the 
greater part, if not the whole, of the previous deposits in the 
simply overtopped lake might be preserved and be covered by the 
brackish water, and finally by the marine accumulations. The 
unequally-tilted lake banks might permit a part of the older 
deposits to be so exposed to breaker action that they were partially 
removed, the component mineral matter and its organic contents 
partially also rearranged with the new accumulations. If, during 
a re-establishment of part of North America beneath the sea, it so 
occurred that Lakes Erie and Ontario were depressed more rapidly 
than Lakes Huron, Michigan, and Superior, the sea finally over- 
spreading the whole, the relative positions of the lakes to the 
direction of the greatest depression would much influence the 
results. Lakes Erie and Ontario would present their breadths to 
the movement, while Lakes Michigan and Huron would be acted 
upon in their lines of length. Lake Superior presenting a more com- 
plicated form. Under such a movement, the entrance of the sea 
would necessarily depend upon the varied surface and levels for 
the time opposed to it ; but it may readily happen that while Lakes 
Ontario and Erie were beneath the sea, and Lake Huron brackish 
water, Lake Superior might continue as fresh water, the contempo- 
raneous deposits in each containing the remains of animals capable 
of living in the various kinds of water respectively, such of the 
original lacustrine creatures remaining in the brackish water as 
could adjust tliemselvcs to it, mingled with those marine animals 
which could support life under the same conditions, the terrestrial 
vegetation drilled into all the deposits being of the same general 
kind. 
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CHAPTEE XXVII. 

MODE OF AqpUMULATION OF DETRIT AL AND FOSSILIFEUOUS ROCKS CONTINUED. 
— EVIDENCE AFFORDED BY THE COAL-MEASURES. — STEMS OF PLANTS IN 
THEIR POSITION OF GPvOWTH. — FILLING UP OF HOLLOW VERTICAL STEMS, 
AND MIXTURE OF PROSTRATE PLANTS WITH THEM. — OROWITI OF PLANTS 
IN SUCCESSIVE PLANES. — THICKNESS OF SOUTH WALES COAL MEASURES. — 
FALSE BEDDING IN COAL MEASURE SANDSTONES. — SURFACE OF COAL- 

MEASURE SANDSTONES. DRIFTS OF MATTED PLANTS IN COAL MEASURES. 

EXTENT OF COALBEDS. — PARTIAL REMOVAL OF COAL BEDS. — CHANNELS 

ERODED IN COAL BEDS, FOREST OF DEAN. — LAPSE OF TIME DURING DEPOSIT 
OF COAL MEASURES. — PEBBLES OF COAL IN COAL ACCUMULATIONS. — 
MARINE REMAINS IN PART OF THE COAL MEASURES. — GRADUAL SUB- 
SIDENCE OF DELTA LANDS. — FOSSIL TREES AND ANCIENT SOILS, ISLE OF 
PORTLAND. — WEALDEN DEPOSITS, SOUTH-EASTERN ENGLAND. — RAISED 
SEA-BOTTOM ROUND BRITISH ISLANDS. — OVERLAP OF CRETACEOUS ROCKS 
IN ENGLAND. 

While the remains of‘ drifted terrestrial plants, large or small, 
may not give very exact information as to the area occupied by 
dry land, whence they have been derived, since they could have 
floated from considerable distances (p. 125 ), according to the cur- 
rents of particular geological times,* where these remains occur 
cither in their places ol growth, or so that we may rightly con- 
clude that they have not been removed far from them, they become 
Important. Those deposits of vegetable matter interstratified with 
shales, sandstones, and conglomerates, which occur in a particular 
portion of the geological series of accumulation in Europe and 
America, and to which the term coal rtieamres has been assigned, 
from abundantly furnishing the fuel which has become so important 
to the progress of civilization, afford the observer the means of in- 


* The Gulf Stream, as before pointed out, is an excellent example of a body of 
water capable of transporting the vegetable products of the tropics^ to the temperate 
regions of the north across an ocean. 
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fcrring the existence of land in particular portions of the northern 
hemisphere at that time. When carefully examined, a large pro- 
portion of the coal beds have been found, in the British Islands 
(and the evidence would also appear to justify similar conclusions 
in many other countries), resting upon others immediately beneath, 
in which the roots of particular plants are found to extend in a 
manner showing that these are actually in their places of growth, 
as respects the beds of mineral matter containing them. These 
roots were at one time considered as separate plants {Stigmarid)^ 
but now, from the researches of Mr. Binney and other geologists, 
it seems established that they belong to other plants {Sigillaria, if 
not also to other genera). With this advance of knowledge, we 
find that great sheets of vegetable matter were based upon a mud 
or silt, in which the amount of sand varied considerably in dif- 
ferent situations, even in the prolongation of the same bed, and that 
into this mud or silt the roots of at least some of the plants of the 
time and locality spread as in ground for which they were suited. 

Upon further investigation, it has been found that roots of 
this character arc to be seen attached to stems of plants still 
vertical, or nearly so, to the beds of shale or sandstone (formerly 
mud, silt, or sand), in which they are enclosed. Though the 
attachment of such roots may be rarely seen, the examples of 
vertical stems of plants, apparently in their places of growth, are 
sufficiently common, so much so that if certain parts of the coal 
measures of the British Islands could have the detrital matter 
removed, various and extensive areas would be found covered by 
the sUunps of plants in such positions. These stumps are so 
numerous in the ordinary detrital deposits reposing. on some coal 
beds, that they become dangerous in the collieries, (unless great 
care be taken in the works,) from being merely sustained aloft by 
the coaly matter representing the former outer portion of the 
plants, so that when this is insufficient to retain tliem, they fall on 
the heads of the miners. The following sketch (fig. 182), at Cwm 
Llcch, towards the head of the Swansea valley, Glamorganshire,* 
may serve to illustrate the mannef^in which these plants may 
sometimes be exhibited in quarries or natural cliffs, rising amid 
the beds which have enveloped them in their places of growth. 
The largest of the two stems was 5^ feet in circmnference. They 
merely formed a part ol’ a surface more or less covered by stems of 

* Made by Mr. Logan, by whom and the author the locality was carefully ex- 
amined. The stems were subsequently removed to the Royal Institution of Soutji 
Wales, at Swansea, where they now arc. 
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this kind, as others were to be seen in similar positions in the same 
bed of rock higher up in the same valley. Upon uncovering a 

Fig. 182. 



shale beneath the sandstone, in which these plants (^Sigillarice) 
stood, an abundance of fern leaves, and fragments of other plants, 
commonly seen in these deposits, were found distributed around in 
the same manner as leaves and other parts of plants may be dis- 
persed around stems of trees in muddy places at the present day. 

It sometimes happens that the vertical stems of the plants rise 
through different kinds of beds, the component parts of • which 
accumulated around them, while the vegetable matter still held 
together. The following (fig. 183) is an example of this kind, as 
it was exhibited at the Killingworth Colliery, Newcastle district. 
In this section a represents the high main coal of the district, b 
argillo-bituminous shale (formerly carbonaceous mud), c blue shale 
(mud or clay), d compact sandstone (sand), e alternating shales 
and standstones (beds of mud and sand), h white sandstone (clean 
sand), i micaceous sandstone (sand with mica), and h shale (mud 
or clay). In such cases various changes were effected in the kind 
of mineral matter transported to, and deposited amid, the vegetation 
there standing. Though we do not know the extent to which 
such plants may have been covered up before they died, an 
attentive study of the mode in which the mud, silt, or sand has 
been accumulated round the stems often shows the observer that 
the water bearing or moving the detritus was very shallow. 
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Around the stems at Cwm Llech (fig .182), the larainaj of the sand- 
stone were so arranged as forcibly to suggest that they represented 
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the washing up of sands around the plants in shallow water agitated 
by sliglit waves. Such an arrangement may frequently be seen, as 
also occasionally, when tlie stems are carefully uncovered, an ad- 
justment of* the laminaj of the original sand or silt, in a manner 
pointing to the passage of a slight current of water by them. 
When this can be found, the direction whence the current came 
may be inferred by the position of the laminae marking the place 
of the eddy, behind the stems. 

Frqpi the manner in which these vertical stems are so frequently 
terminated upwards, it would appear that while, for a time, their 
lower portions continued to resist the pressure both of the water in 
which they were immersed, and the gradually-accumulating de- 
tritus borne or drifted by it, their tbps became decayed, and were 
removed, so that finally sheets of detritus uninterruptedly spread 
over the localities .where such plants may have grown. We seem, 
indeed, to have evidence, in the manner in which so many of these 
stems have been filled with mud, silt, sand, and the remains of 
other plants, that before such sheets of continuous detritus were 
spread over their tops, they were hollow, like so many open and 
vertical tubes, in which, when overtopped by waters bearing 
detrital matter, and the leaves and fragments of plants, these were 
deposited in the same way that sediment and the remains of 
vegetation are accumulated in the hollows of‘ upright, and decayed 
or broken stems of bamboos, and other plants on the side of rivers, 
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or amid low grounds, during and upon the subsidence of floods. 
That the interior and exterior deposits, in and around the vertical 
stems are not the same, different minor layers being found in the 
steins not corresponding with those outside, may often be seen, as 
shown in the annexed section (fig. 184), where a stem, a, a. 


Fig. 184. 



covered by a sandstone bed, is surrounded by other sandsfoncs, 
c, c, (?, intcrstratified with shales, d, d, their lines of deposit abut- 
ting against the stem, the only remains of which arc usually fi)rmcd 
of coal from half an inch to two inches in thickness, according to 
the size of the plant, in the inside of* which other layers, e, e, of 
shale and sandstone, with or without leaves of fern or other plants, 
occur arranged in a manner showing that they were accumulated 
independently of those outside. 

Strewed amid the same accumulations (those of the coal mea- 
sures), prostrate steins, sometimes measuring thirty feet in length, 
and of proportionate breadth, considered by botanists to be of the 
same and similar genera, and frequently even species as those found 
vertical, would often appear to sliow that they have not undergone 
violent transport in waters, being so little, if at all, injured. In- 
deed, occurring, as they sometimes do, among the stumps of stems, 
these apparently in the positions in which they grow, they far 
more resemble those prostrate trees found amid the stumps of the 
rooted trees in the “ submarine or sunk forests” (p. 447). In 
some collieries an observer may, as it were, sec beneath such an 
accumulation of plants in muddy ground, the ends of the upright 
stumps, like so many irregular rings, scattered over head, the long 
prostrate stems strewed among them, and a multitude of ferns of 
various kinds, Lepidodendray and other plants, matted together, 
the whole presenting the appearance of a growth of plants in soft 
or wet ground, if not shallow water, mud mingled with various 
portions of them. Often the plants appear to have partly grown 
in the same locality, and partly to have been drifted into it, some- 
times from an adjoining situation, at others from more distant 
places. 
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While areas of fair size are known by colliery workings to have 
had numbers of vertical stems tranquilly covered over by detrital 
matter on a particular geological plane, so that a forest of this kind 
of vegetation has been contemporaneously entombed, it sometimes 
occurs that there is good evidence of similar conditions having 
produced similar results *more than once over the same area. 01 
the facts brought to light on this head, though it may be well 
known in many coal districts that vertical stems of plants are found 
at more than one geological level, the occurrence of one series of 
vertical stems above others seems to have been hitherto, in no 
artificial or natural sections, better exhibited than in the coal dis- 
tricts of Nova Scotia and Cape Breton, where several of these 
planes of vegetation, the stems of plants 
still standing in their places of growth, 
arc seen above each other. Sir Charles 
Lycll describes ten forests of this kind, 
as occurring above each other, in the 
cliffs between Minudie and the South 
Joggins, at the head of the Bay of 
Fundy. The thickness of the mass of 
beds containing the upright stems is 
estimated at about 2,500 feet, and the 
usual height of the trees is from six to 
eight feet, but one was seen apparently 
25 feet high and four feet in diameter, 
with a considerable bulge at the base. 

All these stems appeared to be of the 
same species.* We are indebted also to 
Mr. Logan for a very detailed account of 
these coal measures. In his description 
of‘ the Sydney coal-field. Island of Cape 
Breton, t Mr. Eichard Brown notices 
many upright stems of plants in different 
beds. Among the sections given, the 
annexed (fig. 185) will be useful, as 

* Lyell, ‘^Travels in North America,” vol. ii., pp. 179-188. - 

t Brown, “ Section of the Lower Coal Measures of the Sydney Coal Field, in the 
Island of Cape Breton,” (Quarterly Journal of the Geological Society of London, 
vol. vi., p. 115). After adverting to the descriptions of the coal measures of Nova 
Scotia by Sir Charles Lyell (Travels, &c.) and by Mr. Logan (Section of the Nova 
Scotia Coal Measures at tlio Joggins), Mr. Brown estimates the productive coal 
measures of Cape Breton at more than 10,000 feet in thickness. The Sydney portion, 
described in this communication, was, by measurement,' 1,860 feet thick. The dip is 
mentioned as at an angle of 7^. 


Fig. 185. 
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showing this occurrence of many vertical stems above each other.* 
In it, a represents sandstones, h shales, c coal, and d the beds, 
usually argillo-arenaceous, in which the roots (Stigmaria) are in 
their positions of growth. The total thickness of the deposits 
amounts to 92 feet, and in it occur four planes of upright stems, 
(the second showing different levels of growth in it,) and six 
ancient soils, surmounted by as many seams or beds of coal of 
very different depths, the most amsidcrable being six feet, and 
the least scam, one of mere carbonaceous matter, one half-inch 
thick. 

It will no doubt at once suggest itself that such accumulations 
of mud, silt, sand, and sometimes gravel, intermingled with layers 
of fossil vegetation, these layers based upon a soil, probably moist 
or wet, in which the roots of certain plants freely grew, wLile 
vertical stems occurred, as much sometimes as 15 or 20 feet hiffh, 
and two to four foot in diameter, even planes of these old forests 
being found above each other in limited sections, must have been 
gradually submerged, so that, at intervals, the soil was sufficiently 
exposed to, or near the atmosphere, that the plants entombed amid 
them could come under their proper conditions of growth. A 
trough or other cavity, or slightly-inclined plane of shore, gradually 
filled up to the level of the atmosphere, would oply give one layer 
of vegetation, whereas, in some coal districts, where the scams of 
coal are reckoned with the soils on and in which their constituent 
plants grew, 50 or more intervals for growth may liave to be accounted 
for. A submersion of the ground on which the plants flourished, 
so that at times the mud, silt, or sand of the time accumulq,ted at 
a greater rate than this submersion could keep them beneath the 
level of water, or during which, though the descent of the land 
may have been, as a whole, constant, there were minor amounts of 
movement (by which after a subaqueous area had been fill ed up 
to the atmosphere, there were pauses when the plants could grow), 
would alike appear to explain the facts observed. The section of 
the 1,860 feet in which the upright stems of the Sydney beds 
(Cape Breton) occur, shows that there were more than 40 periods 
in the general descent of the mass when there were soils in which 
the roots {Stigmaria) of the plants of the time and locality found 
their needful conditions for growth, those for the accumulation of 


* In this seetbn the beds are reduced to horizontally, and arc on a proportional 
scale, the relative thickness of the beds being taken from the detailed description of 
them by Mr. Richard Brown (Journal of the Geological Society, vol. vi., p. 120.) 
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the vegetable matter above them having varied materially.* 
When we turn to the sections of the European coal-fields of this 
kind, similar evidence presents itselft In the section of the 
Bristol coal measures between the Avon and Cromhall Heath, 
there were no less than 50 periods during which the conditions for 
soils obtained, and roots (Stigmaria) were freely developed in 
them, these soils topped by a growth and accumulation of plants, 
apparently requiring contact with the atmosphere for their exist- 
ence. The general thickness of that series is about 5,000 feet 
and it is based upon an accumulation, chiefly sandy, about 1,200 
Icet thick. The Glamorganshire coal-field gives a still greater 
deposit of mud, silt, sand, and gravel, intermingled with soils in 
which roots of some, at least, of the plants of the time spread out 
freely, most frequently, though not always, covered by beds or 
seams of coal, the thickness of which necessarily depended upon 
the duration of the conditions needful for the growth and accumu- 
lation of their component plants. The mass of these various beds 
in the neighbourhood of Swansea may be estimated at about 11,000 
feet ; so that if accumulated by subsidence, horizontal beds piled 
on each other, it would have to be inferred that in this part of the 
earth’s surface, and at that geological time, there had been a some- 
what tranquil descent of mineral deposits, sometimes capable of 
supporting the growth of plants requiring contact with the atmo- 
sphere, but most commonly beneath water, for a depth by which 
the first-formed deposits became lowered more than two miles from 




The detail of the general mass is thus summed up by Mr. Brown : — 
' Feet in. 


Arenaceous and argillaceous shales 
Bituminous shales . 

Carbonaceous shales 
Sandstones .... 
Conglomerate .... 
Limestone .... 

Coal 

Underclays .... 


1,127 3 
26 5 
3 3 
562 0 
0 8 
3 11 
37 0 
99 6 


Total . . . 1,860 0 


From this it would appear, that while the calcareous matter (limestone), gravel 
(conglomerate), and mud-mingled organic matter (bituminous and carbonaceous 
shale), were of little importance, the mass was composed of silt and mud (arenaceous 
and argillaceous shales), and of sand (sandstone), the former double the thickness of 
the latter. The more pure vegetable matter (coal) amounts to about ^th part, and 
the soils (undcrclays) to somewhat less than part. 

t Sec the detail of the coal-fields of South Wales, Monmouthshire, and Gloucester- 
shire (Vertical Sections of the Geological Survey of Great Britain, Sheets 1-11), 
and descriptions of portions of the same districts (Memoirs of the Geological Survey 
of Great Britain, vol. i. pp. 161-212). 
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their original position. It may be Inferred that this thickness is 
not really that of the general mass, as the component beds might 
have been accumulated one against each other, as happens in single 
sandstone and conglomerate beds (figs. 38, 57), and as no doubt 
has more oftcir to be taken into account than it has been, in the 
calculations of thickness. It may, however, be remarked, that in 
these coal deposits, where planes of vegetation of a peculiar kind 
seem so frequently to have been based on very soft soils, and the 
whole has been so intermingled with continuous accumulations of 
mud, that the general sections appear often to point to great thick- 
ness, more particularly when the component beds arc, after dipping 
downwards, found rising with similar characters at a considerable 
distance. Nevertheless, the unevenness in many of the deposits 
should be well considered, and the probable value of the general 
decrease of the whole thickness from such causes be duly esti- 
mated. 

Though the fine mud of the time (now argillaceous shales) 
gives little information as to deep or shallow water in which it 
may have been deposited from mechanical suspension, the sand- 
stones of the coal measures very frequently show that they have 
been far more the result of sands drifted along the bottom ol* 
moving water, than of having been mechanically suspended in it. 
Indeed, the accumulation of the sands is much that which would 
be expected from a pushing forward of the bottom detritus into a 
shallow depression, where the conditions may have been so changed 
by alteration of levels that the sand of a higher situation, and 
nearer its source of supply, was readily transported into it. Sections 
of the subjoined kind (fig. 186) are of the commonest occurrence 


Fig. 186. 



in many parts of the British coal measures, and they would ap- 
pear not less common in the great coal deposits of North America 
and parts of Europe, the geological age of which has been consi- 
dered somewhat equivalent. By careful removal of the upper sur- 
faces of these beds, the overlaps of the differently-drifted laminae 
may be seen, and occasionally still better in coast exposures. 
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The following (fig. 187) is a sketch* of the upper surface of a bed 
of sandstone exposed on the coast near Nolton Haven, Pembroke- 
shire, showing the different margins of the sand, as its various 
drifts proceeded. 

Fig. 187. 



An observer having thus obtained evidence of the apparent 
growth and accumulation of terrestrial plants in place, and the 
rooting of at least some of them in soils beneath of such a character 
that fine rootlets could spread freely amid their parts, lias to look 
carefully into the species of this and other plants entombed in the 
general mass, endeavouring to see if there may not be some drifted 
amid the mud, silt, and sands, and even included among the coal 
itself, which may differ from those inferred to have grown on the 
spot. There would appear much to accomplish on this head, at 
the same time, however, it seems probable that while some plants 
have thriven in the planes of vegetable matter now converted into 
coal, others, even trees, have been borne into the general mass of 
vegetation, by water transporting them, as many a river now docs. 
Matted masses of plants are often discovered among the sandstones, 
as if drifted by some stream, transporting such plants on its sur- 
face, while it pushed onwards the sands beneath it, streaks of such 
intermingled vegetation sometimes extending many yards in length, 
and occurring amid sandstones, the component sands of which have 
been thus ’accumulated. The following is a sketch (fig. 188) of 
the upper surface of part of one of these vegetable drifts at Pem- 
brey, Caermarthenshire, in which multitudes of the stems of 
SigillaricB and Lepidodendra, chiefly the former, and now con- 
verted into coal, are crossed and matted together in all directions. 

These drifts of plants, now forming streaks of coaly matter in 


♦ By Professor John Phillips, when examining that part of Soutl\ Wales with the 
author. 
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the sandstones or shales including them, are sufficient to show 
that though numerous coal beds may be the result of the growth 

Fig. 188. 



of a peculiar vegetation in place, the roots of which required and 
penetrated a suitable soil beneath, it might so happen that exten- 
sive and deep accumulations of drifted plants may wholly form 
coal beds under favourable circumstances, so that an observer, 
while investigating coal deposits, should carefully weigh any evi- 
dence of this kind, as well as that pointing to the growth of 
plants in the situations where their remains now constitute coal. 
The two modes of accumulation arc by no means incompatible with 
each other. On the contrary, they may be often intermingled, 
sometimes conditions prevailing more, or even entirely, in favour 
of one instead of the other. At the same time it may be remarked 
that, as careful investigations have proceeded, the evidence of the 
growth in place of the mass of plants now constituting extensive 
coal beds, during the time when the chief coal accumulations of 
Europe and America were effected, has been gaining ground, inas- 
much as the soils beneath most of the coal beds and containing 
roots {Stigmarid) have been very commonly found.* 


* These soils, though fur from having been acknowledged as such, have long been 
known, and employed as guides by the working colliers, whose experience taught 
them their frequent occurrence beneath beds of coal, the more especially where they 
constitute, as they frequently do, excellent materials for the fire-bricks so often 
required in our coal districts, for the different metallurgical and other uses for 
which that fuel is employed. The name given to these ancient soils varies in different 
districts — underclay^ bottomstone, and undercliff are not uncommon names in Soutli 
Wales and the west of England. The ganister of Yorkshire and Derbyshire is a bed 
or beds of this kind. Though so long known to the coal miner, they have been 
rarely noticed until lately in colliery sections. 
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An observer will not long have been engaged in the exami- 
nation of extensive coal districts without usually finding that, 
while certain beds of coal can be traced outcropping for long dis- 
tances, and found also beneath the surface at various depths, accord- 
ing to circumstances, others are more local, mere patches, as it were, 
amid sheets of vegetable matter far more persistent over wider 
areas. In like manner some of the former mud, silt, or sands, 
accumulated at the same time, present a more common character, 
scattered over extensive districts, than others, the muds usually, 
as might be expected from their component parts having been dif- 
fused in a fine state of mechanical suspension in water, being the 
most persistent. Taking the chief sheets of coal as guides, duly 
weighing the kind and amount of distribntion of the accompanying 
ancient mud, silts, sands, and gravels, and reducing the section 
and plan, so that all embarrassments of contorted or simply tilted 
beds, with any fractures or dislocations which the whole accumu- 
lation may have sustained, be removed, it will be seen how far 
tlicsc sheets of interstratified matter may extend in a manner 
requiring an even, or nearly even surface, over a wide space. To 
accomplish such an object, it will be obvious that an observer 
should free himself from meie local variations, and attend to the 
evidence presented on the large scale. Thus it may be required 
that all the coal districts of Great Britain and Ireland, whether 
• remaining as patches, reposing on older rocks, or simply exposed 
by tlxe action of denuding causes which have removed some cover- 
ing of subsequent deposits, should be regarded as a whole, and 
with rsifcrence to any portion of dry land of which they may have 
constituted an addition, and from which the needful supply of 
mud, silt, sands, or gravel, now forming its accompanying beds of 
shale, argillaceous and arenaceous, sandstone and conglomerate, 
was derived. 

With regard to the sheets of vegetable matter, now constituting 
coal beds, they sometimes present traces of water action on their 
surfaces, much reminding us of the erosion to be seen upon ex- 
tensive areas of bog, channels being cut out by drainage and run- 
ning waters. Sands have been sometimes drifted above such sheets 
of vegetable matter, before they Fig. 189. 

became consolidated, mud, or 
even sands, first covering 
them, being removed, as in tlie 
following section (fig. 189) — 
wlicrc d! is a coal bed reposing on an ancient soil, c, full of roots 
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{Stigmaria), and c is mud (shale) first covering the vegetable 
matter (coal), but which was subsequently cut into by the water 
drifting the sand (sandstone) a deposit covered subsequently 
by mud (shale) a. In this manner many a portion of the bed 
once resting on coal may be found swept away in parts, even 
to the removal of portions of the coal beds themselves. The 
Forest of Dean presents an excellent example of channels cut in 
the vegetable matter (now forming coal) of a particular portion 
of the coal measures there seen. The chief channel represented 
in the annexed plan (a, 5, fig. 190), has long been known to 


Fig. 190. 



the colliers of the district as the Horse.’' Mr. Buddie very 
carefully examined the circumstances connected with the Horse” 
and its tributaries (c, c, c), known as the ‘‘ Lows,” whence it 
would appear that when the vegetation was in an easlly-removablc 
state, like that of some bogs, drainage water had cut out a main 
and subsidiary channels, into which a subsequent deposit of sand 
was thrown down, covering over the whole surface, as any sand 
deposit might now do a great area of bog if submerged.* 

As proving that the unequal action of water was not conlined to 
that on the surfaces of the sheets of vegetable matter, it is needful 
to remark that careful observation will frequently show this to 
have happened with other portions of the coal measures. The 
following section (fig. 191), observed on a cliff, composed of these 


* The “Horse” has been followed in the working of the coal-bed in which it 
occurs (that named the Colcford High Delf ) for about two miles, and it has been 
found to vary in breadth from 170 to 340 yards. Quartz pebbles are observed 
in some portions of the sandstone covering up the “ Horse ” and the “ Lows,” os also 
fragments of coal and ironstone.— Buddie, “ Geological Transactions,” vol. vi. 
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rocks, between Little Haven and Gouldtrop Road, Pembrokeshire, 
may serve to illustrate this circumstance. Herein a deposit of 


Fig. 191. 



mud (shale), a a, seems to have been cut into by a furrow at 
extending to <?, the water which made it bearing in sand, and mud 
being again accumulated over the sand at d. A sweep of the sur- 
face appears now to have occurred, and on the side e, sands were 
thrown down from mechanical suspension, (the component layers 
being quite flat, and unmarked by diagonal drifting,) into a cavity 
formed in that direction, by which the previous mud deposit, a a, 
was worn away. Circumstances connected with the local mode of 
deposit then changed, and mud, /, was again spread over the 
surface of the first accumulation, its modifications, and the deposits 
which followed those modifications. 

While adverting to various changes produced by the removal 
and deposit of the mineral matter of coal-bearing deposits, it may 
be desirable to notice the evidence often afforded by the coal- 
measures as to the lapse of time during which their accumulation 
was effected. The various growths of plants upon different soils, 
and the general thickness of the mass may, no doubt, be taken as 
evidence of a long lapse of time, though the rapidity of the growth 
of such plants as are found entombed in these beds may have been 
considerable ; the sand and mud deposits may also have been some- 
what readily effected, and, from a rapid mode of accumulation, the 
soils (underclays) may also have been soon formed. When, how- 
ever, pebbles and small grains of coal itself, are discovered amid 
the sand-drifts and deposits of the period, we seem to advance 
somewhat further in the evidence of a considerable lapse of time. 
We certainly do not know tliat required, under fitting conditions, 
for converting the vegetation of the kind and period into the coal, 
so that beds of it, partially broken up, could be used as a portion 
of the higher deposits of the general mass. Herein there may be 
somewhat of a difficulty. Still, viewing the subject generally, and 
with due reference to the action of running water on land, or 
breaker action on the shores of waters, also required, no little lapse 
of time would appear needed for the changes in the vegetable 

2 L 
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matter, its removal in part, and its redeposit. It sometimes 
happens in certain coal-measure districts, that the ironstone also of 
previously-formed strata have in like manner been broken up, and 
pebbles of them drifted into beds amid other detrital deposits. 
Whatever may be the time required, there has been sufficient 
for the production of the coal, the consolidation of the ironstone, 
the breaking up of both, and their distribution in higher portions 
of a series of generally similar accumulations. When sufficiently 
large, the pebbles of coal (and they are sometimes discovered two 
or three inches in diameter) often exhibit the jointed or cleavage 
structure of the beds whence they were derived, their planes of 
cleavage taking various directions in the coal-pebble beds of which 
they now form parts, while the cleavage of the outside portions of 
the stems of Sigillaria^ occasionally drifted with them, and con- 
verted into coal, have a constant direction in the same beds. 
Moreover, rounded portions of coal of a distinct character, and 
known in lower portions of the general deposits, have been found 
higher in the series, and little doubt can exist that at the time 
they were detached, they had undergone the same order of change 
as their parent beds, and that, even if these have been still further 
modified, the same modification from similarity of structure had 
extended, under the same general influence to which the whole 
mass of these deposits has been exposed, to these pebbles also. 
Certain beds, well exhibited amid the quarries of the Town Hill, 
Swansea, are highly illustrative of the pell-mell drift of such coal- 
pebbles with stems of Sigillaria, the latter showing the forms of 
many a coal-pebble beneath, the plants having conformed in a soft 
state to the hard pebbles of the coal, itself a substance pfobably 
derived from plants of the same genus, and often also of the same 
species as the stems, intermingled and entangled in the common 
drift. 

The necessity of land for the sufficient supply of the detrital 
matter of the coal measures would appear a somewhat needful 
condition carefully to be borne in mind, since the mass of the coal 
measures of the British Islands would require its contents to be 
measured by no small amount of cubic miles of mineral matter, 
worn away from some other position which its parent rocks, even 
themselves, perhaps, detrital, may have occupied at a distance 
whence they could have been moved. 

An observer has next to inquire how far the removal of this 
large amount of detritus has been accomplished by breaker action, 
or by other means, for distribution at the bottom of water. Here 
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the great sheets of vegetation, based upon old soils in many situor* 
tions, and often so frequently repeated, afford him important aid, 
inasmuch as they are not composed of marine plants, neither are 
the numerous upright stems, in their places of growth, marine. 
Over some wide spaces, and through considerable thicknesses of 
deposits, no trace of a sea-bottom is found, though the remains of 
molluscs, inferred to be forms similar to those now detected in 
rivers or fresh-water lakes, have been discovered. While this may 
be true in many districts, and through considerable thickness, it is 
not so as a whole even for the comparatively limited area of the 
British Islands, for here and there the forms of marine molluscs 
are discovered amid the other deposits. Proceeding from south 
to north over this area, it is found that the remains of other 
marine animals, as well as molluscs, are entombed in beds inter- 
stratified with the coal deposits, even somewhat thick limestones 
affording evidence of the presence of the sea for a time sufficient, 
at intervals, for the growth and continued increase of diflferent 
marine creatures.* Duly flattening out all the present inequalities 
of the British coal districts, and reducing the whole towards hori- 
zontality, several thousand square miles of tolerably even ground 
would appear to present themselves, much reminding us of some great 
delta, such as those of the Ganges, the Quorra, or the Mississippi, 
in a state of descent as regards the level of the ocean, in such a 
manner that, as the land was depressed, and the fall and velocity 
of some great river or rivers for the time increased, detritus was 
borne readily onwards over sinking sheets of vegetation. 

That some sheets of vegetation should be more extensive than 
others could scarcely otherwise than happen under such conditions ; 
or that occasionally also the sea waters became introduced, should 
there be any partial subsidence so great that these waters entered 
areas of different dimensions, while lakes of fresh water were 
tenanted by suitable inhabitants, and even limestones were formed. 


* Except in, some rare and higher part of the carboniferous limestone series, 
even small coal-seams cannot be traced in that rock in South-Western England and 
South Wales. The mass of the coal measures of the same district, notwithstanding 
its great thickness, exhibits no admixture of marine remains with those of terrestrial 
vegetation and of the molluscs possessing forms resembling those now inhabiting 
fresh waters. The same general conditions appear to have reached as far north, in 
the British Islands, as Northern Wales and Derbyshire. Still further north, however, 
coal-beds become more intermingled with the mass of supporting calcareous deposits 
(mountain or carboniferous limestones), so that the latter include among them shales, 
sandstones, and coals ; thus showing that, in the northern portion of this area, the 
conditions for the growth and entombment of this kind of vegetation commenced at 
an earlier geological period than in the southern. 
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embedding their remains. That the general conditions should be 
introduced earlier at one portion of a given area than another, 
might be anticipated, if some general sea-bottom, preceding any 
extension of a delta or accumulation of that order, had been suffi- 
ciently raised either by the amount of deposits thrown down upon 
it, or by general movements in the mass of such sea-bottom and 
adjoining dry land, so that the vegetation of the low flat grounds 
of the time could flourish. To whatever extent this or any other 
view of a similar kind may assist observation with respect to the 
general circumstances connected with these coal deposits, the geo- 
logist, in search of‘ evidence of dry lands in certain portions of‘ the 
earth’s surface at given geological times, should carefully attend to 
any which may present itself in favour of terrestrial plants having 
grown at, or near, the place where their remains are now discovered. 
It will readily be inferred that circumstances may have occurred 
at different geological dates, in fitting situations, under which 
vegetation may have been entombed, producing layers of carbona- 
ceous matter in different conditions of* change, so that anthracite, 
bituminous coals, or lignite may now occur among the mud, silt, 
sand, and gravel, accumulated at those different dates. This is 
now well understood ; and the deposits to which the term “ coal 
measures” has been especially assigned in Europe and North 
America, have only been selected for notice, because of easy access 
in several parts of those continents. Coal deposits of importance 
are now well known in Asia, Australia, and some other regions. 
How far there may be proof of the growth, in place, of the plants 
which have furnished the materials for the carbonaceous portions of 
these accumulations, becomes a matter of no slight geological 
interest, as supplying information not only of the dry land of the 
relative time which the general evidence may lead us to infer most 
probable, but also as to the kind of vegetation which, ruider certain 
conditions, flourished at such times in given regions. 

To return to the comparatively limited area of the British Islands 
for the purpose of again illustrating how much may sometimes, 
under favourable circumstances, be observed in minor portions of 
the earth’s surface, we find two other instances at different geolo- 
gical datesj one, during the accumulation of the group of beds 
known as the oolitic series, and the other, at the close of its deposit, 
when vertical stems so occur that wc have further evidence of 
plants entombed in their places of growth. The coal-beds of the 
oolitic series in Yorkshire have been long known as occurring on a 
‘‘geological horizon,” to adopt the term of Humboldt, with lime- 
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stones, and clays, replete with marine organic remains, on the south 
of England ; and Sir Roderick Murchison pointed out in 1832, that 
the vertical stems of the Equisetum columnare, apparently in the 
positions in which they grew, were not only found in the shale and 
sandstone of these deposits on the coast, but also at a distance of 40 
miles on the north-western escarpment of the Yorkshire moor-land, 
pointing to the submersion of many square miles of ground in such 
a manner that the plants were quietly entombed in the mud or 
sand accumulating round them.* 

The Island of Portland, on the coast of Dorsetshire, also affords 
evidence of trees in place, some standing as they grew, with the 
soil preserved in which they spread their roots. These soils have 
long been known by the quarrymen of the island as the “dirt 
bcds.”t While some trees are rooted in their ancient soils, others 
are prostrate, in the manner represented in the following section 
(fig. 192); one much reminding us of the “submarine or sunk 
forests” (fig. 152, p. 447) so frequent on the shores of Western 
Europe. In this sectionj the erect and prostrate remains of trees. 


Fig. 192. 



among which occur those of cycadeous plants, with the soil of the 
period {a, b\ repose on a calcareous rock (c*, c) containing the 
remains of fresh-water animals, and resting upon the marine oolitic 
limestones (d, d), commonly known as the Portland oolite. Above 
the remains of the trees and cycadeous plants there are other calca- 
reous deposits {e, e)^ also containing animal remains pointing to their 
accumulation in fresh waters, and known as the Purbeck beds, from 
being well exhibited at that locality, on the coast eastward from 
Portland. 

Thus the vegetation and the soil upon which it flourished are 

* Murchison, “Proceedings of the Geological Society,” vol. i., p. 391. 
t These beds were first described by Mr. Webster, “Geol. Trans.,” vol. ii., p. 41. 
t As many as three of these “ dirt>beds ” have been noticed in some parts of this 
series of deposits in Portland— different remains of successive soils, perhaps not always 
of exactly the same equal date, though representing general conditions of the time. 
Only one of such “ dirt-beds ” is represented in the section, for more clear illustration 
of the general circumstances under consideration. 
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embedding their remains. That the general conditions should be 
introduced earlier at one portion of a given area than another, 
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extension of a delta or accumulation of that order, had been suffi- 
ciently raised either by the amount of deposits thrown down upon 
it, or by general movements in the mass of such sea-bottom and 
adjoining dry land, so that the vegetation of the low flat grounds 
of the time could flourish. To whatever extent this or any other 
view of a similar kind may assist observation with respect to the 
general circumstances connected with these coal deposits, the geo- 
logist, in search of evidence of dry lands in certain portions of the 
earth’s surface at given geological times, should carefully attend to 
any which may present itself in favour of terrestrial plants having 
grown at, or near, the place where their remains are now discovered. 
It will readily be inferred that circumstances may have occurred 
at different geological dates, in fitting situations, under which 
vegetation may have been entombed, producing layers of carbona- 
ceous matter in different conditions of change, so that anthracite, 
bituminous coals, or lignite may now occur among the mud, silt, 
sand, and gravel, accumulated at those different dates. This is 
now well understood ; and the deposits to which the term “ coal 
measures” has been especially assigned in Europe and North 
America, have only been selected for notice, because of easy access 
in several parts of those continents. Coal deposits of importance 
are now well known in Asia, Australia, and some other regions. 
How far there may be proof of the growth, in place, of the plants 
which have furnished the materials for the carbonaceous portions of 
these accumulations, becomes a matter of no slight geological 
interest, as supplying information not only of the dry land of the 
relative time which the general evidence may lead us to infer most 
probable, but also as to the kind of vegetation which, under certain 
conditions, flourished at such times in given regions. 

To return to the comparatively limited area of the British Islands 
for the purpose of again illustrating how much may sometimes, 
under favourable circumstances, be observed in minor portions of 
the earth’s surface, we find two other instances at different geolo- 
gical dates ; one, during the accumulation of the group of beds 
known as the oolitic series^ and the other, at the close of its deposit, 
when vertical stems so occur that we have further evidence of 
plants entombed in their places of growth. The coal-beds of the 
oolitic series in Yorkshire have been long known as occurring on a 
“ geological horizon,” to adopt the term of Humboldt, with lime- 
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of England ; and Sir Roderick Murchison pointed out in 1832, that 
the vertical stems of the Equmtum columnare^ apparently in the 
positions in which they grew, were not only found in the shale and 
sandstone of these deposits on the coast, but also at a distance of 40 
miles on the north-western escarpment of the Yorkshire moor-land, 
pointing to the submersion of many square miles of ground in such 
a manner that the plants were quietly entombed in the mud or 
sand accumulating round them.* 

The Island of Portland, on the coast of Dorsetshire, also affords 
evidence of trees in place, some standing as they grew, with the 
soil preserved in which they spread their roots. These soils have 
long been known by the quarrymen of the island as the “dirt 
bcds.”t While some trees are rooted in their ancient soils, others 
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among which occur those of cycadeous plants, with the soil of the 
period (a, 5), repose on a calcareous rock (c, (?) .containing the 
remains of fresh-water animals, and resting upon the marine (X)litic 
limestones {d, d), commonly known as the Portland oolite. Above 
the remains of the trees and cycadeous plants there are other calca- 
reous deposits (^, e\ also containing animal remains pointing to their 
accumulation in fresh waters, and known as the Purbeck beds, from 
being well exhibited at that locality, on the coast eastward from 
Portland. 

Thus the vegetation and the soil upon which it flourished are 


♦ Murchison, “Proceedings of the Geological Society,” vol. i., p. 391. 
t These beds were first described by Mr. Webster, “ Geol. Trans.,” vol. ii., p. 41. 

X As many as three of these “ dirt-beds ” have been noticed in some parts of this 
series of deposits in Portland— different remains of successive soils, perhaps not always 
of exactly the same equal date, though representing general conditions of the time. 
Only one of such “ dirt-beds ” is represented in the section, for more clear illustration 
of the general circumstances under consideration. 
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included in an accumulation effected in fresh water, implying that 
dry land existed somewhere in the vicinity anterior to the growth 
of the trees. From an attentive examination of the district,* 
Professor E. Forbes found that the fresh-water animals, the remains 
of which occur in the lower part of the covering beds, were not 
changed by the conditions permitting the production of the “ dirt- 
beds,” and the growth of the plants, being the same as in the 
calcareous beds immediately beneath. He found, moreover, that 
there had been three successions of species in the Purbeck deposits. 
As to the general character of those beds, the Professor ascertained 
that while the higher and lower accumulations bear evidence (from 
their organic contents) of having been deposited in fresh waters, 
the central portion points to alternations of fresh water, brackish 
water, and sea. Altogether a highly-interesting series of facif, 
showing a disappearance of the sea, and the formation of’ dry land, 
by which animals inhabiting fresh water could obtain the conditions 
for their existence, the actual evidence of this dry land in particular 
portions of the area, and the continuance of the fresh-water accu- 
mulations by some change, during which, while the soil or soils 
became submerged beneath the fresh water, the sea was not admitted. 
A time came, however, when the sea was let in, brackish water 
also occurring ; but this did not last, for we again find fresh-water 
deposits above these beds. Professor E. Forbes mentions, that so 
far as the remains of the invertebrate animals extend, it would be 
impossible, without the evidence to be obtained from superposition 
of other accumulations, to say whether the fresh-water deposits 
belonged to the oolitic, cretaceous, or tertiary series of rocks.t 
Referring back to the time (p. 480), when a depression of the 
lands then above water in the area of Southern England was in 


* The ancient soil, with its trees, some prostrate, and others in their place of 
growth, is not confined to the Isle of Portland. It may be also well seen amid beds of 
the Purbeck series, in the east clitf of Lulworth Cove, a few miles to the eastward. 
With regard to the further extension of these conditions at that geological time, it 
should be observed, that Dr. Fitton mentions an earthy bed in the same geological 
position in Buckinghamshire and the Vale of Wardour, as also in the cliffs of the 
Boulonnais. Silicified w'ood is found in a bituminous bed from Boulogne to Cap 
Gris-nez (“Geological Sketch of the Vicinity of Hastings,” 1833, p. 76.) A “dirt- 
bed ” is noticed by Dr. Buckland as occurring, in its geological place, near Thame, 
in Oxfordshire ; ancT Dr. Mantell mentions one as found at Swindon, Wiltshire, on 
the top of the Portland beds, fossil coniferous wood being seen in abundance, with a 
few examples of Mantellia. “ Wonders of Geology,” 6th edit., vol. i., p. 390. 

t Among other important observations, Professor E. Forbes found that although 
a bed of oysters {Oslrea distorta)^ occurs as the most conspicuous feature of the 
middle division of the Purbeck beds, the fresh-water fauna of the time was not 
interrupted. 
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progress, so that the lower part of the oolitic series of deposits 
(various limestones, sometimes oolitic,* sands, and clays), spread 
over the submerged rocks, the animals of the period even boring 
into them under favourable conditions (p. 486 ), the depression 
apparently ceased not long after that geological date. Whether 
the sea-bottom and adjacent lands then took a contrary movement, 
rising gradually, so that the area occupied by sea was diminished, 
and the shores extended, or that, remaining stationary, the detrital 
and animal accumulations so filled up the seas around that the 
shores were thrown back, or that both these causes were in opera- 
tion, it would appear that the remainder of the limestones, sands, 
and clays of the oolitic series, with their animal remains, was 
formed within a gradually-diminishing area, as far as that of the 
British Islands was concerned, so that finally, in a particular portion 
of it, the conditions prevailed which produced the results observed 
in Dorsetshire, and by which the existence of dry land in particular 
spots is proved, the remains of trees being found rooted in the soil 
in which they grew. 

The change from sea to dry land conditions would appear to have 
further continued, for upon these lower (Purbeck) accumulations 
marked by the remains of fresh-water animals, a very considerable 
depth of deposits is found, pointing to the presence of some large 
river or body of fresh water in the area of South-eastern England. 
These accumulations, with the Purbeck beds, are now commonly 
known as the Wealden series, a name derived from the beds of that 
geological time found in the Weald of Sussex, for our first know- 
ledge and numerous subsequent illustrations of which we are in- 
debted to Dr. MantelLf These beds, consisting of ancient mud, 
sands, and calcareous accumulations, axe not only marked by the re- 
mains of fresh-water molluscs, but also contain those of remarkable 
reptiles {Iguanodon, &c.), of gigantic size,t and of terrestrial plants 
growing in the banks of, or swept down by a river, the matter borne 


* The calcareous grains so united together as to resemble the roe of some fishes, 
whence also the name roe-stone for this description of rock. 

t The Tilgate beds were described by Dr. Mantell in 1822, in his “ fossils of the 
South Downs,** and the same year he communicated the joint observations of Sir 
Charles Lyell and himself as to the extension of these beds over the Weald. The 
observer will find an excellent summary of the Wealden series,* as known in England, 
and on the continent of Europe, in Dr. MantelXs “ Wonders of Geology,** 6th edition, 
vol. i., pp. 360-449. He should also consult the works of Dr. f itton on the lower 
• part of the cretaceous series (greensand, &o.), contained in the ** Geological Trans- 
actions and Proceedings,*’ and he will find much instruction in his Guide to the 
Geology of Hastings.” 

X For the knowledge of these, also, geologists are indebted to the labours of Dr 
Mantell. 
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in mechanical suspension in it covering the whole up, as fitting 
circiunstances for the deposits occurred. That an elevation of a 
mass of land, and its adjoining sea-bottom might first produce 
variable mixtures of lakes and minor estuaries, and, finally, some 
larger rivers, will readily be seen, by considering the effects which 
would be produced by an elevation which should extend the coast 
line of the British Islands and the continent of Europe from Nor- 
way to the Pyrenees (figs. 65 and 99), so that the present drainage 
of Western Europe from Ushant to Norway, and from the Landes 
End, by the east coast of Great Britain, to the north of Scotland, 
should be throw'n into two chief drainage depressions, divided at 
the Straits of Dover, or thereabouts. At first, as the sea-bottom 
gradually rose, there would be many minor admixtures of estuaries 
and of bodies of water subsequently rendered fre^^h, until, finally, 
all the rivers draining into the Baltic, with those now finding 
their way into the North Sea (Elbe, Weser, Ems, Rhine), would 
have to flow outwards, more or less uniting at different distances, 
together with the drainage of the new area of dry land, into the 
Atlantic, between the Shetland Isles and Norway, perhaps some- 
what about the submarine gulf stretching down southerly between 
them (fig. 65). While this happened on the north, all the rivers 
in the English Channel would be more or less united, and flow 
out into the Atlantic by the greatest depression between the Land’s 
End and Ushant, the drainage waters of the new dry land being 
also added to them. In both cases marine deposits would be suc- 
ceeded at first by many intermingled estuary and fresh-water accu- 
mulations of various extent, and, finally, by those marking at the 
mouth of the English Channel, and between the Shetland* Isles 
and Norway, the presence of far greater rivers than those which 
now discharge their waters into any of the seas bounding Western 
Europe from Norway to the Pyrenees. While the Loire and the 
Garonne might readily extend their courses without union over 
the new dry land, (a portion of the Bay of Biscay,) more com- 
plication would arise amid the rivers of the west part of Great 
Britain and around Ireland. Looking, however, to the charts, 
there would be a tendency to gather waters together into great 
rivers outwards between Northern Ireland and Scotland, and be- 
tween SouthernTreland and the Land’s End. 

While thus so far advanced upon the changes which have 
occurred with regard to the presence and disappearance of dry 
land in so limited an area as that which has been noticed, it may 
not be undesirable to advert to the great change which subsequently 



Ch. XXVIL] overlap of cretaceous beds in ENGLAND. 


521 


converted a very extended portion of the same part of the earth’s 
surface again into a sea-bottom, upon which a considerable thickness 
of mud and sands (greensands and gault), with a thick covering of 
calcareous matter (chalk) was accumulated. This was apparently 
accomplished by a somewhat gradual depression of a sea-bottom 
making way for the detritus borne to, and over it, in addition to so 
much of the volume of deposit as was due solely to the accumu- 
lation of the hard parts of marine animals, for the evidence is in 
favour of a greater general area being gradually covered, as this 
portion of geological time advanced, so that the higher beds over- 
lapped or overspread the lower, the upper members of this series of 
deposits (the cretaceous), thus reaching beyond the lower in Northern 
and in South-western England. Again, conditions changed over 
the same area, and in the supra-cretaceous or tertiary time we find 
deposits according with such altered circumstances, and showing 
that dry land was then intermingled with sea ; that there were 
estuaries and fresh-water lakes; and moreover, that there were 
oscillations of the land and sea-bottom, producing submersion 
beneath and emergence above the level of the adjacent ocean. 
These oscillations and their consequences have been, as we have 
seen (p. 445), continued up to the present adjustments of land and 
water, when we have atmospheric influences and the sea wearing 
away the former, the matter thus removed variably dispersed along 
the shores and over the adjacent sea-bottom, no doubt entombing a 
mass of the remains of the vegetable and animal life of the time 
and area — the whole, with the dry land and its lakes, rivers, and 
estuaries, ready to be elevated above, or depressed beneath, the 
ocean level, as has happened over the same area at previous geo- 
logical times. 



CHAPTER XXVIII. 

MODE OF ACCUMULATION OF DETRITAL AND FOSSILIFEROUS ROCKS CONTINUED. 
—CRACKED SURFACES OF DEPOSITS. — FOOT-PRINTS OF AIR-BREATHING 
ANIMALS ON SURFACES OP ROCKS. — RAIN-MARKS ON ROCK SURFACES. — 
EFFECTS OF ELEVATION OR DEPRESSION OF THE OCEAN BOTTOM. — CHA- 
RACTER OF ROCK SURFACES. — FRICTION MARKS ON ROCK SURFACES. — 
EFFECTS OF EARTHQUAKES ON SEA-BOTTOMS. — DIAGONAL ARRANGEMENT 
OF MINOR PARTS OF BEDS OF DETRITAL ROCKS. — MODE OF OCCURRENCE 
OF ORGANIC REMAINS. — DISTRIBUTION OF ORGANIC REMAINS. — EFFECT OF 
THE RISE AND DESCENT OF LAND ON THE DISTRIBUTION OF ORGANIC 
REMAINS. — DISTRIBUTION OF ORGANIC REMAINS WITH RESPECT TO KINDS 
OF SEA-BOTTOMS.— INFUSORIAL REMAINS. — CHEMICAL COMPOSITION OP 
ORGANIC REMAINS. — CAUTION AS TO FORMS OF LIFE SUPPOSED CHARACTER- 
ISTIC OF DIFFERENT GEOLOGICAL TIMES. 

The footprints of air-breathing animals and cracked surfaces of 
beds afford the observer the means of judging of the presence of 
dry land at particular times. These have of late received their 
well-deserved share of attention. Although, as in the plan beneath 

Fig. 193. 



(fig. 193), when uncovering a clay or shale bed, he detects a 
splitting of parts corresponding with that seen upon the drying of 
any mud or clay surface exposed to the sun and air, he would be 
led to infer the contact of the atmosphere with such a surface, and 
the consequent presence of land, so as at least to permit a space to 
be exposed for a time sufficient to produce this amount of desicca- 
tion ; such, for example, as on somewhat flat shores upon which 
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there were great differences in the spring and neap tides (p, 78), 
the evidence becomes more perfect, by the addition of the well- 
marked footprints of animals. Such footprints have now been 
found in various parts of the world — Europe, Asia, and America — 
with and without the evidences of* the cracks pointing to exposure 
of the atmosphere, and are higl Jy important, as showing the tread 
of animals on shores or in waters so shallow and tranquil, that 
creatures breathing in the air and walking on soft ground left the 
prints of their footsteps uninjured behind them. The following 
sketch (fig. 194) is taken from the figure by Dr. Sickler, of foot- 

Fig. 194. 



prints in the red sandstone quarry at Hessberg, near Hildburghau- 
sen, Saxony,* and well illustrates both such impressions and cracks 
from desiccation. While these footprints have been considered as 
those of reptiles, some of gigantic Batrachians, others have been 
discovered of forms from which they have been attributed to birds 
of different species and sizes. To these Professor Hitchcock long 
since called attention as occurring in a red sandstone series in the 
valley of the Connecticut, United States.| The following sketch 

♦ These footprints appear to have attracted attention at Hessberg, about 1833 or 
1834, when they were described by Dr. Hohnbaum and Professor Kaup, the latter of 
whom gave the animals considered to have formed them the name of Chirotherium, 
Dr. Sickler published a further account of them in a letter to Blumcnbach, in 1834. 
Prior to this discovery (1828), Dr. Duncan gave an account (Transactions of the 
Royal Society of Edinburgh, vol. xi.) of similar footsteps found in the new red sand- 
stones of Corn Cockle Muir, Dumfriesshire, and in 1834, Dr. Duncan informed Dr. 
Buckland (Bridgwater Treatise, vol. i., p. 259) that like impressions had been found 
in the same series of deposits, 10 miles from the former locality, and 2 miles from the 
town of Dumfries. 

t Professor Hitchock described these footprints under the name of Ornitkichnites^ 
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(fig. 195 ) is taken from among the illustrations given by the 
Professor : — 


Fig. 195. 



The footsteps attributed to reptiles have, Iii part, been assigned 
as probable to the Lahyrinthodon, one whose bones have been dis- 
covered in the same series of deposits. As still further showing 
contact of tlie air with mud or sand wlicre these or other animals 
have left the imprints of their feet, marks in the same as well as 
other surfaces of associated beds have been discovered, strongly 
resembling those left on clay or sand by a heavy fall of rain, such 
as may often be observed on coasts when the tide is out * These 
various impressions have usually been made upon layers of clay 
or mud, sand having been tranquilly accumulated over the har- 
dened surface retaining the footprints and otlier marks. As the 
resulting marl, clay, or shale is frequently broken by the re- 
moval of the sandstone bed covering it, the lower surface of the 
latter usually reveals the condition of the upper surface of the 
former, before it was overspread by the sand. At the same time 
we have seen impressions on the upper surfaces of sandstones them- 
selves, which, though not so well defined, resemble footprints on 
sand subsequently and quietly covered over by mud.t 


in the American Journal of Science, vol. xxix., 1836, and also in his Report on the. 
Geology of Massachusetts. Sir Charles Lyell also gives an account of them in his 
“ Travels in North America,” chap 12. The footprints are of various sizes, some not 
longer than those of our common sanderlings, while others exceed that of the ostrich, 
measuring 15 inches in length, exclusive of the largest claw, two inches long. Dr. 
Buckland, remarking on the dimensions of this supposed bird, observes (Bridgewater 
Treatise, vojr. ii., p. 40), that “ in the African ostrich, which weighs 100 lbs., and 
is nine feet high, the length of the leg is about four feet, and that of the foot ten 
inches.” 

* An illustrative figure of the impression of rain drops upon the same slab with 
that of a biped, from the red sandstone series of Massachusetts, is given by Dr. 
Mantell, in his ** Wonders of Geology,” vol. ii., p. 556. 

t The footprints, noticed in the text as discovered in Asia, were found impressed 
upon red sandstone in India, by Lieut. Pratt. 
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Of whatever animals the footprints may have been, with the 
cracks from the exposure of surfaces of mud and clay to desiccation 
in the air, and the marks resembling rain drops — for these, how- 
ever singular they may appear, are not to be neglected — they 
show us that, during the deposits of the layers or beds of sand, silt, 
or mud in which they occur, dry land was there at hand also, and 
that the beds themselves may have formed part of its shores, as 
those in the Bay of Fundy,* in the Bristol Channel,! and in 
numerous other localities, where similar and fitting conditions 
present themselves, now do. The mere piling of layer upon layer 
on shores of this kind has been found sufficient to preserve such 
marks (p. 128 ) ; and when this is combined with a quiet sub- 
mersion of the locality, so that the layers of deposit are little, if 
at all, broken up, a considerable thickness of beds marked in this 
manner may be, as they apparently have been, accumulated in 
succession, until finally the fitting conditions cease, and the pre- 
servation of such impressions can no longer be effected. 

However desirable it is for an observer thus to trace, by means 
of beaches, fresh or brackish water deposits, the footprints of 
animals on shores and the remains of plants rooted in their 
places of growth, the presence of dry land on different parts of the 
earth’s surface (for the circumstances which have been noticed by 
way of illustration are applicable, with certain modifications, to 
many other regions), in some districts he finds himself so com- 
pletely surrounded by ancient sea-bottoms, piled up in various 
modes in succession, that he cannot avail himself of the aid which 
this knowledge of the probable position of the dry lands of given 
geological times may afford him. Although aware that the wear- 
ing away of the mineral masses forming dry land, furnished, with 
the stirring up of sediment from shallow depths by wave action, 
the materials for the detrital accumulations he may have before 
him, and which may alone contain the remains of marine life, 
should the arrangement of their inorganic component parts merely 
point to a deposit from mechanical suspension in water, he might 
still be at a ‘loss as to the direction or character of the dry land of 


* Sir Charles Tiyell has figured the recent footprints of the sandpiper on the shores 
of the Bay of Fundy, in his “Travels in North America,*’ vol. ii., pi. vii., and has 
presented specimens illustrative of the preservation of these footprints in different 
layers, deposited in succession, to the British Museum, and to the collections of the 
Museum of Practical Geology. 

t We have frequently collected good examples of footprints of different kinds pre- 
served in the muddy banks of this channel, left dry and hardened in hot summer 
weather, on the wide spaces between the lines of neap and spring tides. 
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the time, A study of the charts of many different regions will 
show that mud is found as well near coasts as remote from them, 
according as the required tranquillity for deposit and subsequent 
rest may prevail, though as a whole wind-wave action upon sea- 
bottoms, at depths where it can have influence, tends so to sift 
those bottoms as to remove muddy sediment further away from 
land than sand. 

When all the modes of distributing dctrital matter, above-men- 
tioned as now in progress in tidal or tidcless seas (pp. 63, 77), are 
combined with inc/vemonts of dry land and sea-bottoms, sometimes 
upwards, at others in the contrary direction, it is evident that, in 
addition to the consequences of such movements on coasts and sea- 
bottoms adjoining them, it might often happen that considerable 
areas may be elevated or depressed in the sea itself without rising 
above its surface into the atmosphere. Mere points constituting 
their higher portions may now and then be protruded and be acted 
upon by breakers and atmospheric influences, the detritus thence 
arising being scattered around, and arranged by tidal streams, or 
transported, especially the finer matter, in a broader and more 
distant manner by ocean currents, still able to force their way 
amidst these minor obstacles to their courses. The floor of tlie 
ocean is not yet so well known as probably it will be at some 
future time, when systematic researches in this direction may be 
deemed important by maritime nations. The depths, nevertheless, 
of certain points have been ascertained, more especially of late years, 
sufficient to render it probable that very important aid to geo- 
logical inferences would be obtained by more extended information 
on this head. 

While, on the one hand, the distribution of detritus outwards by 
the great rivers of the world, draining large portions of continents 
and pushing forward their deltas, has to be well borne in mind, on 
the other, such changes as shall raise a mass of sea-bottom, scattered 
higher portions of which may or may not now rise into the atmo- 
sphere, should receive their due attention. If the extent of sea- 
bottom, above which various points rise and form the ihultitude of 
isles and islets of the Polynesian groups in the Pacific, were to be 
gradually elevated so as to constitute some great continent of dry 
land, no great deltas would be raised — ^at least none now in 
progress — whatever former conditions of that part of the earth’s 
surface may have produced ; and it would only be by degrees that 
the drainage of the new land formed rivers, these uniting into 
larger streams as the dry land became extended, some, perhaps. 
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finally of the magnitude and importance of the present great rivers 
of the world.* 

Although detrital matter deposited from mechanical suspension 
in water, and arranged in layers and beds, may not, from the 
structure of the interior portions of the layers or beds themselves, 
present much information as to the depths of the water beneath 
which they have been accumulated, while they may, as they often 
do, exhibit the proof of a multitude of very thin layers having been 
thrown down above each other (as many, perhaps, as twenty or 
thirty of these in one inch of depth), their surfaces often aid most 
materially in affording valuable information on this head. It fre- 
quently happens that the under surfaces may be useful as well as 
the upper, inasmuch as they often give the imprint of the former 
condition of the surfaces of layers or beds which they cover, the 
materials of which were of a perishable kind when raised into 
situations where the percolation of water cither softened or even 
removed them. Thus the upper surfaces of shales, or hard clays, 
may be converted into mud or soft clay, in which all traces of their 
original state are lost, while some sandstones above them, the con- 
solidated sand which covered over the impressions left on these 
surfaces of clay or hard mud, preserve reversed impressions of the 
state of the old sea-bottom before it was covered up. Under the 
conditions which so frequently present themselves, while alternat- 
ing or intermingled beds of shales, clays, and sandstones are under 
examination, and occasionally, also, limestones, and it is considered 
desirable, if possible, to trace the state of the upper surfaces of the 
mud or clay before they were covered up, the under surfaces of the 
present hard beds above them should be carefully studied. The 
search will frequently reward the geologist with an excellent picture 
of such old surfaces of sea-bottoms, with their various markings, 
even to the impressions left by the crawlings or way-tracks of the 
molluscs of the time. There is a class of surface conditions on con- 
solidated layers of sand and silt (sandstone and arenaceous shale), 
to which the term ripple-mark has been applied, from a supposed 


* If the observer will follow out this supposed uprise of the area in question, he 
will find numerous subjects of interest connected with it, which, though many may be 
sufficiently obvious, such as the mode of occurrence of the coral accumulations now 
in progress, their modifications as the dry land became extended, the effects of tides 
and altered courses of ocean currents during the change, the modified distribution of 
animal and vegetable life on the land and in the seas adjoining, the chances of salt or 
fresh water lakes, mediterranean seas, or the like, are yet, collectively, of importance 
to be well borne in mind while he may be occupied upon the geological effects which 
would thence arise. 
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resemblance to tlie ripple produced by light winds on water, or the 
condition of many tracts of sand on the retreat of tlie tide, that 
Would afford most valuable information as to the deptlis at which 
tbe layers or beds were situated beneath water when any such 
markings were produced, were it not that such kinds of surface 
might frequently arise from similar conditions at different depths- 
We have previously mentioned (p. 90), the friction of streams or 
currents of water on sandy surfaces beneath them, ridging and fur- 
rowing the yielding matter. Such may be often seen on the sur- 
faces of sandstone beds, the ridges and furrows well preserved, as 
beneath (fig. 196), so that by carefully studying the steep sides of 


Fig. 196. 



the ridges, the direction taken by the moving water at the time 
may be determined. In this case it is assumed that a section taken 
across at a J would give that shown by c d, one pointing to tlie 
course of the moving water from a to b. If we were sure of the 
depths at which existing ocean currents swept sands at the sea- 
bottoms beneath them, producing surfaces of this kind, some guide 
would be obtained to the range of depths, from a few feet down- 
wards, at which, only measuring by the amount of force now in 
action, these effects could follow. Herein, however, there is much 
uncertainty. From the experiment of Sir Edward Belcher, off the 
west coast of Africa (lat. 15^ 27' 9'' K, and long, 17^ STSO " W.), 
it would appear that a current there found moved with nearly the 
same velocity (0*75 nautical miles per hour) at the depth of 240 
feet (40 fathoms) as at the surface. When we regard the great 
ocean currents of the world, with the probable masses of water put 
into movement in given directions at the same time, it may not be 
improbable that comparatively considerable depths are exposed to 
conditions where the ridging and furrowing of sand and silt sea- 
bottoms may be produced. It has also to be recollected that as 
large surfaces of sea-bottoms may be raised or depressed, from some 
of the more general movements of the solid parts of the earth’s 
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surface, very considerable areas could be brought up to the action 
of ocean currents, or removed beneath their inSuence. 

Upon carefully studying the surfaces of great banks and flat 
tracts of sand which are somewhat suddenly drained by a retiring 
tide, so that they are not much altered by the action of the smaU 
waves or heavy breakers of the time, as the case may be, the 
geologist will frequently find, as already noticed (p. 90), a mixed 
adjustment of inequalities, partly due to the movement of the 
waves before the superincumbent water passed away, and in part 
to the friction of this water draining off the banks and sandy flats. 
These ridged and furrowed surfaces are occasionally somewhat ex- 
tensive when the sea deserts a considerable area in a short time, so 
that friction is produced ratlier suddenly in some general direction. 
This will often happen when there may be a heavy sea on shore, as 
the great waves break at a proportionate distance outwards upon 
the shallows during the progress of the ebb-tide, minor action only 
taking place nearer the coast, where, the great body moving out- 
wards, the ridging and furrowing by friction on the sands may 
point to the chief movement, with the sharp escarpment of the 
furrows often seaward, though tlie wash of the breakers would tend 
to drive sand before them while rushing on shore. 

Wlierc, as on many great banks dry at low tides at the mouths 
of estuaries, there may be a complication of surface arising from the 
wave movements anterior to the removal of the sea from above 
them and from the friction of waters left to drain off them, it will 
be remarked, as might be anticipated, that much will depend upon 
the state of the weather and tides of the time. Calms would leave 
friction-markings, such iis might arise from the movement of a 
stream of water ovtir a sand-bank before it was left by the tide, 
more than gales of wind, since the wash of the breakers, as its 
action was felt, would pass over and tend to obliterate the ridges 
and furrows due simply to the stream of tide. The more sudden 
retreat of the sea during the chief spring-tides, from the same 
depths, would tend also to leave the surface of a sand-bank more 
marked by'any furrowing from the previous flow of a stream of tide 
over it, other circumstances being equal, than a neap-tide, during 
the descent of which, wave-action might be continued for a longer 
time after the stream of tide ceased to be felt on the surface of tlie 
bank. 

The surfaces of some layers and beds of rock so resemble those 
which are seen in the last-mentioned situations, particularly when 
sufficiently large portions of them are exposed, either on coasts or 

2 M 
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amid highly-inclined strata in mountainous regions, even to the 
apparent minor drainage of waters off sand-banks, that the infer- 
ence of these surfaces having been produced on or near tidal coasts 
(p. 90) somewhat forces itself upon an observer. At the same 
time he will have properly to weigh the probable effects due to 
wind-waves on sea-bottoms at different depths beneath (p. 89), 
and the power thus brought into action of disturbing such bottoms, 
occasionally sifting their constituent parts, so that a tranquilly- 
formed deposit of mud may cover any unequally-disposed surface of 
sand, produced while the agitation of the sea continued. Many 
surfaces of rocks strongly remind us of loose matter* thus moved 
about by the to-and-fro action of an agitated sea above, in the same 
manner as sand may be readily acted upon by agitating water above 
it in conveniently-formed vessels of sufficient dimensions. Such 
approximations to the ridges and furrows of friction upon sands 
and silts in one given direction should be well distinguished from 
the latter. These sections, instead of being as above represented 
(fig. 196), are usually more imdulating or evensided, the surfaces 
varying from obscure ranges of depressions, a, h (fig. 197), and 

Fig. 197. 



those somewhat resembling the sharp ridges and fiirrows of eurrent 
or stream action, (?, to unequally-distributed and variably-formed 
devations and depressions (fig. 198), which require also to he well 
separated from concretions, to be noticed hereafter, and which, suf- 
ficiently juxtaposed, may present a somewhat similar appearance. 


Fig. 198. 



With regard to the surfaces of sea-bottoms, now consolidated 
into hard layers and beds of rock, attention should be paid to the 
probable modifications of them, even at great depths, by the pas- 
sage of earthquake movements, shaking these surfaces in contact 
with the superincumbent water. In some regions, such move- 
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mcnts can scarcely be otherwise than frequent, the force employed 
being sometimes so considerable, and its application repeated in 
such quick succession, that the finer sediment may be shaken 
up into a mechanical suspension whence it would require some 
lapse of time again to settle and cover over the heavier bodies, 
taking superficial arrangements according to the vibrations pro- 
duced by the earthquake, the kind of substances acted upon, and 
their mode of previous distribution. In cases of fissures produced 
beneath the sea, as on land, during earthquakes, the consequent 
disturbance of adjoining sea-bottoms has also to be regarded. Thus 
the effects of the transmission of earthquake vibrations both on the 
large and minor scales, those of the great sea-wave, and of the 
smaller movements produced by the contact of the sea-bottom and 
water above it, the earthquake vibration travelling faster through 
the former than the latter, have also to be borne in mind when the 
surfaces of sea-bottoms of even the oldest geological times are under 
consideration, and the geologist is endeavouring to deduce from 
them the probable depths of water beneath which they took the 
forms presented to his attention. Submarine areas thus disturbed, 
and the surfaces of the sea-bottoms moved, could scarcely often be 
otherwise than considerable, the effects, no doubt, modified by 
relative depths of the water, the facility with which the vibrations 
could be transmitted through the various supporting bodies, and the 
like. Ridges and furrows may be raised in certain localities by the 
onward courses of chief sea-waves in the shallower waters, and not 
be again wholly obliterated, though often modified in form before 
they were finally covered up and secured in shape until constitutij^ 
a portion of hard rock. 

While there may often be much uncertainty as to the depths at 
which the component parts of layers and beds of rock, even with 
ridges and furrows on their surfaces, have been thrown down from 
the waters in which they have been previously held in mechanical 
suspension, when unaided by other evidence, the arrangement of 
parts resulting from the pushing of detrital matter forward on the 
bottom often seems to point to somewhat shallow waters. In this 
Case, again, as the depth is uncertain to which currents may act on 
sea-bottoms, these unequal, like those at the edge of the soundings 
of 1,200 feet (200 fathoms), from Spain round the British Islands 
to Norway (p. 460), so that sedimentary matter derived from 
adjacent lands is transported and pushed along the bottom into the 
hollows, the like effects may be produced at far greater depths than 
is usually inferred. Supposing an ocean current or tidal stream so 
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to act as to push forward cletrital substana's froinsoni<‘ land alll>rd- 
ing the required amount of increase to tlio general mass of previous 
accumulations, much in the same manner as that io ^Yhiell Mr. 
Austen has called attention,* so that after spreading o\(‘r a some- 
what level sea-bottom, the general increase liud to be pi ov idl'd lor 
still furtlier outwards over uneven ground, the matter thus slaned 
on would have to fall over into deeper watera, and arrange itsell 
much as on the outskirts of rivers delivering their detritus into 
deep and tideless seas or other still waters (p. 44). In this manner 
even sandy beds, affording sections of the component layers ar- 
ranged diagonally to their upper and under surfiices, might, as 
before mentioned (p. 67 ), extend over large and flat accumulations 
of mud, thrown down from mechanical suspension. 

Diagonal arrangements of tlie minor parts, resulting from this 
pushing action along the bottom, are very common in many sand- 
stones, as w'ell as those which, from their occasional organic contents, 
leave little room to doubt were formed beneath the sea, as in those 
so freipient in many parts of the coal-measure accumulations (p. 508). 
These arrangements arc sometimes diversified in a way to sliow, 
that while some of tlic sandy matter has thus been forced or brushed 
onwards on the bottom, the same kinds ol’sAmd were, at other times, 
thrown down in horizontal layers, more pointing to dcqiosit from 
meclianieal suspension. Instances of this kind are not rare, I'lic 
following section (fig. 190) of the arenaceous beds, forming a kind 
of passage from the old red sandst4me in parts of Ireland to the 
lower and usually shaly beds of the carhaiiferous limestones (the 
sandstone series of Mr. Griffith), may Ixj found useful. t 


Fig. VjO. 



♦ Austen, on the Valley of the English Channel; Journal of the Geological 
Society of London, vol. vi. 

t The section was obtained at Clonea Bay, County Waterford, an interesting 
locality for the study of the upper part of the old red sandstone series and the lower 
part of the carboniferous limestone, more especially when taken in connexion with 
the development of equivalent accumulations at the Hook Point, County Wexford 
on the eastward, and the country near Cork, and extending thence by Cape Clear to 
Bantry Bay. The whole is highly illustrative of contemporaneous accumulations of 
this geological date, modified by the conditions under which they have been formed 
such as varieties of tho sedimentary matter carried, pushed forward, or thrown down, 
according to distance from its supply, and different depths of water. ’ 
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In tliis section, forming only a portion of a far more considerable 
thickness and extent of beds, exhibiting general evidence of the 
lik(j kind, a horizontal deposit of sand (e), probably from mecha- 
nical susp(‘nsion, is covered by a silt {d), apparently also accumu- 
lated in the same manner. To this layer succeed two beds (<? 4), 
pointing to an accumulation from sands pushed or brushed along 
the bottom, there having been a sufficient pause to make a surface 
between them. This condition changed, and horizontal layers (a) 
were again formed. 

The following section (fig. 200) will serve to show that the 


Fig.a(x). 



like unequal distribution of component parts, even extending to 
gravel drills amid sandy and muddy sediment, is to be found among 
still <»lder fossiliferous deposits, being one among many others to 
be seen on the ascent of the Glydyr Vawr, on the north-east of 
Snowdon, where the lower Silurian rocks arc much mingled with 
volcanic accumulations of‘ that geological tiine. Among some rocks 
the exposed surfaces as well as sections point so much to the shift- 
ing of* minor streams or currents, sufficient to carry forward pebbles 
of fair size, the general accumulations pointing to repeated action 
of this kind, that, looking at the foi-ces of’ existing currents, these 
deposits would generally seem referable to shallow waters. The 
accompanying section (fig. 201) of old red sandstone at Boss, 
Herefordshire,* of a kind common to much of the same series of 
deposits in that and adjoining districts, will illustrate this mode of 
occurrence. 

When the disturbing power of wind-wave action upon sea- 
bottoms, to whatever depth that power may sometimes extend, 
and the modification of surfaces which may be produced during 

Part of a moro extended section by Captain Janies, R.£. ; Memoirs of the 
Geolot^ical Survey, vol. i., pi. 3. 
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earthquakes, are regarded, as also any greater vibrations of the 
sea-bottom, should larger masses of water be thrown into movement 

Fig. 201. 



by forces of a similar kind, but of far greater intensity than any- 
thing known as an earthquake, it will be obvious that tranquil 
alterations of the depths at which the sea-bottom of any geological 
time may be submerged, would produce modifying cflbcts of a 
marked kind. Surface beds which have been accumulated in one 
manner, may be remodelled in another. For example, diagonally- 
arranged portions of unconsolidated beds may be worked backwards 
and forwards when exposed to the to-and-fro motion of‘ water dis- 
turbed by the winds above, or by the tides brought into action, so 
that their streams are rendered more or less sweeping by inter- 
mixture with shallow-depths and the unequal configuration of 
adjoining lands. Though these causes may only modify the sur- 
faces for the time being, a repetition of them, with oscillations in 
the movement of the sea-bottoms, would often produce compli- 
cated effects, so far as the original mode of deposit of any beds may, 
in part, be subsequently altered ; even the organic remains con- 
tained amid the detritus being sifted and re-arranged without much 
injury. 

It is when the structure of the beds of detrital rocks, and the 
forms of their surfaces are viewed in connexion with any organic 
remains they may contain, that the observer has increased oppor- 
tunities of inferring the depth of water beneath which the layers 
or beds, have acquired the general character they now present. 
With respect to the mode in which organic remains generally may 
be entombed beneath fresh waters or the sea, whether the latter be 
tidal or tideless, we would refer to the previous remarks on this 
subject, (pp. 1 1 2 — 205). Amid the detrital matter, of whatever kind 
this may be, piled up in successive layers or beds, every variety of 
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manner in which organic remains have been enveloped by it occa* 
sionally presents itself. While, on the one hand, we see the shells 
of molluscs precisely in the positions in which these anima l s buried 
themselves in the mud, silt, or sand, of the time, according to their 
habits ; at others, we find the fragments of shells or corals in mul* 
titudes, dealt with and arranged like ordinary mineral substances, 
precisely as may often be found at the present day, and especially 
amid coral accumulations on the large scale, such as among the 
Great Barrier Reels of Eastern Australia. 

The occurrence of organic remains in the situations where the 
animals lived and died, affords direct proof that the fluviatile, 
lacustrine, estuary, or sea-bott^jms, thus containing these remains, 
have not been broken up and re-arranged, but that, independently 
of consolidation or certain other modifications of structure, they 
exliibit plans and sections of the fresh or brackish water, or sea- 
bottoiiis of a particular geological time. Careful search shows that 
this manner of entombment is by no means so rare as might once 
have been considered. The occurrence of the remains of boring 
molluscs in the holes formed by them in rocks, has been already 
noticed, as resembling those of any Pholds in limestones of the 
present day on the British coasts (fig. 176); and it has been also 
stated, that during calcareous deposits of the same date (inferior 
cx)lite) several beds in succession were drilled at their surfaces by 
the same species, the shells still in the holes made by their animals 
(p. 486). With respect to molluscs piercing mud, silt, or sand, 
we may point to the observations of Mr. Prestwich, as to the shells 
of Panopceaj found abundantly in the vertical position common to 
the habits of tlic existing species, in the beds of the London clay 
at Clarendon Hill, and of Pmiopoeay Pholadomya^ and Pinna^ at 
Cuffnel ; as also to those of Dr. Fitton, on a similar mode of pre- 
servation of the shells of Panopoea and Pinna, in the lower green- 
sand of Southern England.* In cases of this kind, it certainly is 
not always clear that the animals, thus in the positions which their 
habits required, were suddenly destroyed by any physical change 
in the wafer or the kind of sediment deposited above them, though 
this may be surmised, since in all beds containing burrowing mol- 
luscs, their shells may be found in the positions where they died 
under ordinary circumstances. Be this, however, as it fiiay, it 
proves that these animals of the time lived and died in the mud, 
silt, or sand, now perhaps beds of hard rock, in which their remains 

are found. _ 

* Journal of the Geological Society of London, vol. i. 
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Many shells of molluscs so occur that even Uic diriction of 
the stream or current which drilled them according to tlieir 
wei^^its, volumesi and forms, may be inferred, having been, in 
tfll prcbal^ty, empty shells at the time, and the same with Uks 
exuvue of o^er fie^-water and marine animals. Sometimes, as 
beneath (fig. 202), whole and broken sheik are found drilled along 
the bottom with intervak of repose, during winch mud was alone 
thrown down. 


Fig. sm. 



a, H, rt, boils formetl of diagonal layers, composed of broken Bhclls, fisli-tootli. pieces 
of wood, and oolitic grains, sometimes mere n>undcd piec<*8 of sliells, the various sub- 
stances lying in the planes of the diagonal layers, and presenting every ai>iM*orancc 
of having been shot ed or pusheil over the more horizontal surfaces formed during 
the intervals between the mud deposits^ 6, 6, 6, b* 

With regard to the destruction of marine animals in place, that 
in volcanic regions, certain gases, such as carbonic acid, sul- 
phuretted hydrogen and others (p. 323), when suddenly cliscliargcd 
into waters through subaqueous fissures or volcanic vents, should 
destroy the animals to which they find access, would be expected 
at all geological times as well as at present. In like manner, 
subaqueous fissures formed at all pcricxls during earthquakes, ’and 
from which gases have been evolved, destructive of animal life, 
would be inferred to have been always followed by the same results. 
So also with the heat communicated to waters during submarine 
volcanic eruptions, or when fissures, formed during eartlujuakes, 
reached the depth of very consldemblc temperatures. With re- 
gard to waters impregnated with deleterious gases, so long as these 


♦ This section was taken at a quarry of Forest marble, part of the oolitic series, at 
the Butts, Fromc, Somersetshire. The Bath oolite, into which this part of tiie 
oolitic series graduates, as may be well seen in Somersetshire, is often, in some of ita 
beds, notWng else than a modification of the same thing, the rounded grains of shells 
and corals, mixed with those of the true oolite (having concentric coatings of cal- 
careous matter), being drifted in a similar manner. Broken shells, fish-teeth, and 
other organic remains are seen in the sections of the same neighbourhood, occurring 
as streaks in clay, conditions from time to time having occurred, during which the 
deposit of the mass of mud of the beds termed Fullers’ earth, was locally interrupted 
by these shell drifts. 
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remained sufTicicntly disseminated in them, predaceous animals, not 
included in the areas so affected, would be prevented from enter«* 
ing in order to feed upon the multitudes of fresh^water or marine 
animals which may have been killed, until their r^nains were 
covered over by fine sedlmentaiy matter; or, being burrovnng 
creatures amid mud, silt, or sand, until the sedimentary matter 
was so adjusted around them, with probably also a certain deemn* 
position of the softer parts, as to be no longer desirable food, if 
even they were attainable. 

Multitudes of fossil-fish arc sometimes so found in rocks, that 
their sudden destruction, with the preservation of their bodies from 
predaceous and scavenger creatures, seems needful in order to 
account for their mode of occurrence, it appearing also necessary 
that their entombment in the containing substances was sufficiently 
rapid, subsequently to their death, to prevent the distribution of 
the various liarder parts of their bodies after decomposition. In 
all cases where volcanic action can be inferred at various geological 
times, at or near the localities where the observer may have 
acpieous deposits under examination, and >vhich present the re- 
mains of animals in a condition showing that whole creatures have 
been preserved without injury to the arrangement of their harder 
parts, he will do well to rccollect the modes of entombment which 
may now be in progress In similar regions of the present day. He 
will thus sec orsninic remains among the volcanic ashes of different 
geological times, even amid the old accumulations of the Silurian 
deposits, (Ireland, Wales,) and in such positions as very forcibly 
to remind him of the causes of destruction and preservation wliich 
he finds, or C4in fairly infer, are now in action. 

Independently of any sudden destruction and entombment of 
animal life in connexion with volcanic eruptions or earthquake 
movements, the study of* the old fresh-water and sea-bottoms 
presents us with the occurrence of animal remains so preserv'ed, 
and amid such substances that the sudden influx of waters, charged 
with much fine matter in mechanical suspension, may have de- 
stroyed multitudes of aqueous animals in some given area. At 
least, their remains arc so entangled amid this matter as to lead to 
this inference. That fixed creatures or others of slow movements 
could thus readily be overwhelmed, would be expected under such 
conditions at all geological periods. When, for example, in the 
vicinity of Bradford, the Apioermites of that locality is found 
rooted upon a subjacent calcareous bed (one of the oolitic series) 
and entangled in a scam of clay, its parts sometimes beautifully 



(W MODB Of OCCUBBBKCX Of OBQANIG REMAIB& [Cii, XXVUI. 

it stay be inftned that it ym destined by an influx of 
mndt from whioh it could not eeoape* In like inanner» alao, the 
pceeemiion of long uninjured steins of various encrinites found 
anud the Silurian and other older depositSy on the surfaces of lime- 
stone and other rocks» and having had a covering of fine sedimenty 
wouldappear to be explained. ^metimeSy as in the lias of Golden 
CJope, near Lyme Regisy multitudes of belemnites, some with even 
the ink-bag of these molluscs preserved, so form a seam of organic 
remains, that the geologist is led to infer a sudden destruction of 
thousands of them over a moderate area. Ammonites are also 
sometimes found in great numbers, distributed in a depth of only 
a few inches, over areas of a square mile or more, as if suddenly 
destroyed. The beautiful bed of myriads of ammonites o(!cun ing 
amid the lias of Marston Magna, Somerset, was a good case of this 
kind. It sometimes liappens that the shells of molluscs show that 
when tlieir animals were entombed, the space occupied by their 
bodies prevented the entrance of the sediment which enveloped 
diem. The following section (lig. 203) of an ammonite (lias. 


Fig. 203. 



Lyme Regis) maybe taken as an example of this mode of occurrence. 
All the chambers of the ammonite arc filled by carbonate of lime, 
infiltrated into their hollows, beyond which there is a space ap- 
parently occupied by the animal when overwhelmed by the sur- 
rounding calcareous mud, now argillaceous limestone ; this space 
terminated outwards by sedimentary matter (a) which entered so 
much of the shell as the retreat of the animal permitted. In this 
case the intruding sediment has become highly impegnated with 
dark-coloured matter, as if effected by the decomposition of the 
animal within. Such deposits as clays and argillaceous limestones, 
the latter especially, from the usual consolidation, without much 
pressure, of the matter around the organic remains, are very favour- 
able for observations of this kind, numerous shells of molluscs ap- 
pearing to show that their animals may have been in them at the 
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time of their entombment In mmh ie8ear<^ dionUl be 

paid to the portions of the ahelki in the bedi^ and 
their interior cavities, so that the entrance of sediment mi^ be 
prevented by such positions and forms. Multitudes of examples 
are found in certmn areas and deposits where the presence of the 
animals in their shells would seem required. When we consider 
the probable voracity of numerous creatures in fresh and sea 
waters, and the multitudes of scavenger animals consuming decayed 
animal matters at all geological times, the discovery of certain 
aqueous reptiles preserved entire amid rocks, even with the con- 
tents of their intestines preserved, leads us to infer that their en- 
tombment, if not also their death, was sudden. And this appears 
the more probable when we find, as often happens, that in the 
same deposits the same kinds of aqueous reptiles are dismembered, 
as if by predaceous animals feeding upon them. While at times, 
in the lias of Western England, the skeletons of Icthyosauri and 
Plesiosauri are so well preserved that all, or nearly all, the bones 
are in their proper relative situations ; even their skins preserved, 
and the contents of their intestines, at the time of death, in their 
right places, at others the bones of these reptiles are dispersed, 
though not always lar removed from the place where the animals 
died. In fact, the appearances presented are precisely those of 
decomposition having been so far advanced that the scavenger 
animals could feed upon some of the carcases, and drag the bones 
short distances, so as somewhat to scatter them. 

Every mode of the occurrence of organic remains should be 
carefully considered, and viewed with reference not only to the 
district, as regards the depths of water, and the probable form of 
any neighbouring land, but also as to the general distribution of 
marine life at equivalent geological times over much more extended 
areas. The endeavour to obtain a general view of the distribution 
of life over great surfaces at given geological times, as well as of 
the deposits effected during those lapses of them to which given 
names have been assigned, would appear especially needful. Expe- 
rience has taught geologists that many a genus of marine animals, 
the remains of which were at first found only in particular beds of 
various districts, have been discovered in the deposits, both of 
more ancient and more modern periods; as also that, as regards 
species, these will be observed in certain districts to have a wider 
range than in others, through a section of consecutive sea-bottoms. 

It would seem essential that an observer should well weigh the 
evidence of the distribution of the animal and vegetable life of 
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different geological times, as exhibited by organic remains, with 
reference to the probable distribution of land and water of those 
times, and the consequent variation of depths of sciis, kinds of 
bottom, forms of coasts, discharge of rivers into the sea, fresh-water 
accumulations, and the like. He should refer to the depths at 
which animal and vegetable life is now known to exist in the sea 
(p. 145), with the forms and kinds of both found under the dif- 
ferent conditions of heat, light, and shelter from violent movements. 
He can scarcely neglect the views of naturalists, as to the distribu- 
tion of existing animal and vegetable life, over the suifacc of the 
globe ; the spread of the different kinds under the circumstances 
fitted for each respectively ; the overpowering, as it were, of some 
by others, the centres or localities whence species arc inferred, 
under favoumble circumstances, to have been diffused, and the 
representatives of different species in different regions.* The 
various supposed equivalent accumulations, chiefly sea-bottoms, 
have to be carefully dissected to asccrttiin the probable conditions 
under which the remains of life entombed in them have been 
gathered into the situations where they arc now discovered, and 
the life itself was then adjusted. At all geological times when 
waters existed, they would arrange themselves according to the 
laws now governing their position as to temperature, and they 
would possess the same properties with respect to light and pres- 
sure.f All masses of water would also tend to be moved, as now, 
by the great causes of ocean cuiTcnts and tidal streams, however 
modified these may have been by the manner in which dry land 
presented itself amid the ocean, at any particular geological period. 
At the same time that all due attention is paid to these circum- 
stances, it becomes also necessary to bear well in mind the modifi- 
cations and changes which would arise from the movements of the 
crust of the earth elevating or depressing mineral masses, so that 
sometimes they were above the sea level, sometimes beneath it. To 


* As regards works on the distribution of animal and vegetable life, the observer 
may conveniently consult the text and maps of Johnston’s “ Physical Atlas.” For 
the geographical distribution of plants, reference can be made to the works of 
Humboldt and Shouw, and the Reports by Griesbach (translated by the Ray Society). 
The distribution of fishes, a subject of considerable geological interest, has received 
much attention from Sir John Richardson in his “Fauna Boreali- Americana.” 
and British Association Reports. ^ 

+ Assuming that the saline contents and their proportion to the w'atcrs have not 
been materially difierent during the lapse of time, since animals existed in the seas 
f waters of the world. As respects the adjustment of marine animals to 

light, the eyes of trilobitex, crustaceans fouiiii among the oldest fossil iferous denosits 
have often ^en pointed out aa satisfactory proof. Valuable remarks on this liood 
will be found in Dr. ituckland’s liridgewator Treatise, vol. i., p. 3%. 
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advert again to the change produced by the submersion of thd 
Isthmus of Panama, and the junction of the Atlantic and Pacific 
Oceans, the land descending to the moderate (geological) depth of 
1,000 feet, relatively to these oceans. By recent obsen^ations it 
would appear, that the summit level (named Baldwin’s) is 299 feet 
above the sea, so tliat when the depression had continued to 600 
feet, there would be a channel above this height deeper than 
between Dover and Calais; and when the submersion to 1,000 feet 
had been completed, one deeper than any part of' the North Sea, 
or tlie channels between Great Britain and Ireland, or these islands 
and France, one nearly corresponding with the line of 100 fathoms, 
extending fr<.>m Spain, outside the British Islands, to Norway 
(fig. 65). 

By comparing a map of the Americas, with the land which 
would be under the ocean, if this movement of depression were 
carried out, gradually diminishing no further than 20° of latitude 
on each side of the isthmus, the great modification likely to arise 
from the free passage of the waters of the Atlantic into those of the 
Pacific, and the difference of the surface of dry land, will be 
obvious.* It is by carefully considering a few areas of the present 
dry land in this manner, with regard to the effects of depression or 
elevation, as the case may require, that the observer will readily 
perceive how needful it is for liim, when endeavouring to trace 
the distribution of the life of any particular geological time, well 
to weigli the consequences of such changes ; whether, on the one 
hand, they permit a mingling of species previously separated, or 
separate some given urea, distinguished by tlie presence of some 
inarkcid species into two parts, one or both of wliich were subse- 
quently subjected to different conditions. 

Inasmuch as we find marine animal life adjusted to certain con- 
ditions, among wliich, from the labours of Professor Edward Forbes, 
and other naturalists, depths of water may be considered, all other 
circumstances being the same, to have an important influence; 
reasoning from the known to the unknown, we should expect an 
adjustment of' a similar kind to have extended back to the earliest 
state of the earth s surface, when water, fitted for life, washed the 
shores of continents and islands. Even under the hypothesis of a 

* With regard to the diaeroiiccs in the levels of the Pacific and Atlantic on the 
shorcH of the Isthmus of Panama, the researches of Col. Lloyd would give a higher 
relative level to the former, to the amount of 3*52 feet. High-water mark at 
Panama is stated to be 13 *.55 feet above that of the Gulf of Mexico, at Cliagres; 
while it is only 6*51 lower at low water on the Pacific side. — Philosophical U rans- 
aotions, 1830. 



542 


DISTRIBUTION OF ORGANIC REMAINS. [Cn. XXVIII. 


heat of the earth^s solid crust at former times, sufficient to keep the 
waters dispersed as oceans and seas above it, at equal temperatures 
at certain depths, independently of solar heat, littoral, shallow and 
deep water conditions would be expected to have had their 
influence, more particularly when combined with differences in 
sea-bottoms, and position as to shelter from wind-wave action, 
tidal streams, or ocean currents. At all events, it would appear 
most desirable that the observer, having before him the advantage 
of the sea-bottoms of different geological times, with organic 
remains variously distributed among them, should endeavour to 
trace out differences and resemblances of‘ this kind, carefully con- 
sidering the evidence afforded by the physical structure of the fos- 
siliferous rocks in connection with that presented by the contained 
organic remains. It may be that certain forms of the shells of 
molluscs, for example, are deceptive, so that the palaeontologist 
may not always reason safely when referring some to animals 
similar to those now living near shores or in shallow or deep 
waters ; and that these last may be found to vary at the present 
day more than is now known ; still the investigation can scarcely 
but be productive of an approximation to the knowledge sought, the 
general evidence, be it what it might, pointing out those modes of 
occurrence which may be ultimately seen to be somewhat constant ; 
while others, though they present themselves in a more uncertain 
manner, may yet be important as regards the general subject. 

As the researches of naturalists show that whether we rise high 
into the atmosphere, or descend deep into the sea, the conditions 
for the existence of life, under various adjustments and modifica- 
tions, terminate ; it follows that the great mutability of the earth’s 
surface, as respects both conditions, could scarcely fail to produce 
great changes in that life, independently of those made inherent to 
it as created. The separation of great areas of dry land into 
minor portions has been above mentioned, as producing even the 
extinction of certain kinds of terrestrial life, while at others it 
may have preserved parts of it and mingled some together. Upon 
the descent of a continent beneath the sea (and the researches of 
the geologist teach him the necessity of such submersions, as well as 
that the dry lands for the time have been chiefly raised from 
beneath seas into the atmosphere), any terrestrial life peculiar to it 
would be destroyed, though evidence of its existence might be 
preserved amid mineral matter where circumstances permitted. 
In like manner when, upon submersion, shores ceased to present 
themselves, the littoral marine animals, previously inhabiting 
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them, and moving to the coasts as these retreated upon the descent 
of the main mass of land, would be expected also to have disap- 
peared, unless able wholly or in part to have adjusted themselves 
to the new conditions. When, however, zone after zone of the 
marine vegetation disappeared as the circumstances fitted for its 
growth ceased, the animals which fed upon the plants would perish, 
and with them those which lived upon the vegetable eaters, unless 
they could escape to other localities where food of the same kind, 
or of others which they could substitute lor it, was to be found, 
and was sufiicient for them. If in the annexed section (fig. 204), 

Fig. 204. 



a b represent the level of the sea, remaining constant, or nearly 
so, and evdih^ outline of any mass of land, partly in the atmo- 
sphere and partly beneath the sea, and o, o, o, o, the depth at 
which marine plants supporting the life of a certain portion of 
the marine fauna grew, the littoral portion of that life would be 
shifted to x x\ upon submersion of the land to e /, and at the 
same time a portion of the sea-bottom inhabited by animals at 
greater depths would be brought lower down, so that these would 
probably also move over the ground of others previously adjusted 
to minor depths. Submersion continuing, when it reached the 
line g /«, the shores would still further be shifted to y y', with the 
same general consequences as before, and so also with the submer- 
sion to i h When it reached I w, the whole of the land, previ- 
ously above water, would be beneath it, and littoral life may be 
considered to have disappeared when it reached n p. At the 
amount of submersion represented by the line 9 t, the whole of the 
former dry land, with its shores and any shallow seas adjoining, 
would be beneath the depths of marine vegetation. In this section 
the* probable consequences of breaker action on the descending 
land, tending to plane it off, as the great Banks of Newfoundland 
may have been land to a certain extent levelled out during a 
gradual submersion, have not been included, in order to render 
the illustration simple. During, however, such depression of the 
land, tliis action has to be well borne in mind, so that the detritus 
thence arising, distributed over the sunk land, and entombing the 
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of the wumal life of the time, with ite variations, accord- 
ing to circumstances, those of deep-water creatures ranging over 
those of shallow water, and Uttond spec^ be not neglect^. 

With respect to this covering of detritel deposits containing the 
remaina of littoral species by oUiers entombing those species which 
contemporaneously inhabited deeper waters adjoming, the following 
section (hg. 205 ) may serve to sliow the manner in whicfi this 
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may be, and appears to have been accomplisntid, during the nib- 
mersion of land and its shores. If a b represent the level of the 
sea, and c d o, surface of land and its shore wliich has been gi-adually 
depressed beneath it, the littoral accumulations when k was the 
coast, / and those when the sea boundaries were at I and m, as 
h is supposed to be at the time of the section, there would 
always be deeper waters outwards in the direction a d. Hence, 
though a certain thickness of deposits, ef g A, variable according 
to circumstances, might cover the surface of the descending land, 
entombing the remains of the littoral marine animals, these would 
be covered, in the direction outwards, and as the land descended, 
by detrital deposits of kinds which could be transported to and 
formed there, a corresponding series of marine animal remains in- 
termingled with them, differing as far as the deeper water differed 
from the littoral marine life of the time. Thus numerous species 
which had been really contemporaneous with those entombed be- 
neath may appear, in certain sections, to have succeeded them as 
creations in the progress of geological time, this appearance ex- 
tending even to the remains of those living in the deepest waters 
of the period and locality, as any large mass of dry land became 
submerged. 

With respect to the emergence of land, should this be gradual, 
large areas might be laid dry, presenting sheets of sedimentary 
matter not contemporaneously produced, yet containing littoral 
species of molluscs in great abundance, these species being of the 
same kinds, should no change have been effected in that portion of 
the animal life of the locality and time during the rise of the land 
and sea-bottom. If the sea-bottom around the British islands 
were gradually raised, so that the boundary line extended to not 
more than 100 fathoms in depth (fig. 65, p. 91), tlie remains of 
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littoral molluscs would be scattered amid the accumulations of the 
time, as tlie shores became extended, covering over those of other 
and contemporaneous molluscs. If a ft, in the following section 
(fig 206 ), represent the level of the sea, e d & sur&ce of rock, 


Fig. 206. 



partly above the sea and partly l:)eneath it, and e a deposit extend- 
ing to r, it would contain the remains of molluscs inhabiting the 
different depths, including those at which wind-wave action could 
drive them onwards towards the coast. If the land be now raised, 
so that tlic relative sea level be represented by h li\ a deposit /, 
extending to would be under similar conditions as that pre- 
viously 1‘orined and extending to r, and so with an accumulation 
g extending to i, iSucccssive beds /r, /, ?/<, are thus produced, 
probably containing tlie remains of molluscs, allr)wing the mingling 
of many l)y the action of the waves in shallow situations, and 
corresponding with the depths ft ft', g //', f fy e e\ so that, other 
things being equal, these cxuvia3 are similar in sections of the 
dotrital aecumulations wliieli do not correspond witli the general 
planes of tliose deposits, but with others representing their littoml, 
shallow, or deep-water conditions, as the case maybe, of succeeding 
times. 

These modifications, from the causes noticed, have to be well 
considered when certain organic remains arc viewed as character- 
istic, as it has been termed, of the accumulations of a particular 
geological time, those to which some name may have been assigned. 
When any such arc found more in abundance in, or seem confined 
to, the deposits of some particular area, and appear to be the 
cxuviic of animals which have lived at or near the localities where 
they are obtained, the kind of bottom, probable depth of water, 
and proximity to or distance from the dry land of the time have 
to be sought, so that the conditions under which the creatures 
themselves flourished may be duly appreciated. In such re- 
searches it will be often found that the kind of bottom appears to 
have materially influenced the abundance and distribution of* these 
particular animals, so that, when a change w'as effected in the 
sedimentary matter deposited, they moved elsewhere, even re- 
turning in the same abundance as before to the same area, should 

2n 
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the conditions fitted for them have Wen re-estubllshed. If, in the 
following plan (fig. 207 ), the shaded portions represent iiiinoi aieas 

Ki-. 



of mud, distributed amid sands, it would be expected that the 
creatures whose habits induced them to prefer the one to the other 
would keep within the respective variations of sea-bottom, so that 
if, in the course of accumulation, this bottom became modified, 
sands drifting or being thrown over the mud, or the latter over 
the former, the animals would follow the modifications according 
to their habits. Thus in any given sections of these sea-bottoms 
streaks of* diflPerent kinds of them may be found accomjianied 
with peculiar organic remains, the animals from which tliey were 
deriv^ merely shifting their ground as circumstances arose, tlius 
introducing interlacings, as it were, of different kinds of sea- 
bottoms. Looking at the conditions which at the present time 
appear to govern the existence of marine lilc both as regards the 
relative position of dillcrent portions of it and tlic distribution of 
similar animals, very gi'eat care seems to be required in assuming 
particular species as characteristic of particular geological peric:Kls 
without reference to their mode of occurrence at the time. It 
would seem very needful that the probable habits of these species 
should be well considered, so that proper importance sliould be 
assigned to other and contemporaneous species whose remains may 
be equally of value in continuous or contemporary accumulations 
formed under modified conditions elsewhere. Unless this be done, 
it may often happen that littoral species, very characteristic of the 
shores of a particular region, will be uselessly sought for amid con- 
temporaneous accumulations in the deep seas of other regions, 
while not a trace can be found of deep-sea species, abundant else- 
where at the same geological time, amid shallow water and littoral 
deposits. 

The calcareous and fossiliferous accumulations of different dates 
are frequently of so mixed a character as to require much care. 
They are often mere beds of organic remains; these cemented 
together by the carbonate of lime, which, after the deposit, has 
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been formed at the expense of the organic remains themselves. 
At oth(.T times, however, they have been clearly produced by de- 
posits from solutions ol‘ the bicarbonate of lime, in the manner 
previously mentioned (p. 100). Some limestones require very 
caref ul examination in order to ascertain their mode of formation- 
Thus it has been observed tliat beds presenting no appearance of 
organic remains to the naked eye, may yet be found to be almost 
wholly composed of them when the microscope is employed and 
duo precautions taken. In this manner many beds of the moun- 
tain limestone series of the British Islands have been found replete 
with the remains of life where none were at first suspected. Even 
when upon exposure to atmospheric influences fossils of &r larger 
dimensions, readily visible to the naked eye, and extending to half 
an inch or more in length or breadth, are found in fair abundance, 
it sometimes occurs tliat the ordinary fracture of the limestone bed 
may not readily show them. We do not here include the remains 
of encrinites, echinites, and some other fossils, which, from their 
rhoraboidal fracture, a little practice will enable an observer readily 
to distinguish ; but others, where they are far from being easily 
detected. The most beautiful shells will occasionally thus present 
themselves upon searching a weathered surface, not a trace of 
which can be obtained by ordinary observation. 

It is now known that certain beds, as well siliceous, calcareo- 
sillccous, as calcareous, are made up almost wholly of minute 
organic remains, far too small to be seen by the unassisted eye. 
For our great progess in this order of investigation geologists are 
indebted to M. Ehreiiterg, who has shown how much infusorial 
remains are diffused, even producing deposits of considerable im- 
portance, and most materially adding to the volume of others. 
Wlietlier or not some of these microscopic minute bodies may be 
vegetable instead of animal, their geological importance remains 
the same, if indeed it be not increased from such deposits, alto- 
gether or in a great measure composed of myriads of microscopic 
organisms, being referable to both animal and vegetable life.* 

While on the subject of deposits chiefly formed of organic re- 
mains, the probable chemical composition of these remains, when 
first introduced amid the accumulations in which they are found, 
should not be neglected. In this manner it may be seen that the 
magnesia, so much more commonly distributed amid limestones than 
has .often been inferred, may sometimes be due to such remains, 


• As to some of tliese supposed infusoria being vegetable, see note, p. 23S. 
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particularly where many corals are present .♦ The like also with 
the phosphates of lime, silica, and other substances. Whole layers 
may be formed of the harder parts of infusoria, so that when 
these are siliceous, they, and the spicube of many sponges, may 
serve to diffuse no small amount of silica amid deposits of a dif- 
ferent character. 

By careful investigation of the conditions under which the re- 
mains of various fresh-water or marine animals may be found in 
rocks, the deposit of which by means of water is evident, and al o 
by well-directed attention to the mode in wh ch the remains f 
terrestrial life, not forgetting those of insects, '* muy have bccon e 
intermingled wltli them, the observer will treqi ntly find himse 
most materially aided in a knowledge of* tlie probable physic; 
geography of diflerent areas, often considerable, at given geologieal 
times. AVlth this knowledge and a due regard to the varied dis- 
tribiition of the life of tlie time, and the abundance and kind of 
mineral matter de])Osited at the same period, lie may be enabled 
to trace tlie cliangcs and modifications wliieli have taken place 
contemporaneously in the rivers or lakes, amid the lands, or In the 
seas, at different times in such portions of the eartlfs surface. 
Regarding that surface as a whole, it is dlifumlt to conceive tliat 
the distribution of life, allowing for great elianges in that distri- 
bution during the lapse of time, could not have been adjusted to 
conditions as they successively arose, and which rnodilied It more 
in one locality than another, so that great care seems required 
properly to separate the local from the general effects produced at 
assumed equal periods, or during a long succession of them. 
Modern investigations, while they, on the one* liand, lead us to 
infer many great changes in animal and vegetable life during the 
accumulation of tlie various deposits in which its remains have 
been preserved, J teach us, on the other, tliat forms once supposed 


* In some investigations undertaken by Mr. Manle at the Museum of Practical 
Geology, for the purpose of tracing the various changes which organic remains may 
have undergone under different conditions of entombment, he found magnesia, even 
to the extent of 6 and 7 per cent, in some recent corals. 

t In countries, and especially in tropical islands, such as the West Indies, where 
the off-shore or land-winds are at times somewhat sfrong, multitudes of insects are 
often home out to sea, where, though the greater proportion may become the food of 
marine creatures, some fall in situations to be entombed amid mud, silt, or sand. 
Those accustomed to pass along such coasts arc familiar with this fact. Our own 
coasts in summer weather present many instances of insects surprised and drawn off 
coasts seaward by the sudden setting in of the land-w ind in the evening. 

J Referring to various general works containing lists of the remains of animal and 
vegetable life considered characteristic of the different deposits which it has been 
thought convenient to separate and class under particular names, it is only required 
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only coniined to the more modem accumulations have existed 
in far more remote times.* While it is probable that the evi- 
dence of great changes having taken place during the lapse of geo- 
logical time in the vegetation and animals which have existed on 
the earth’s surface will be only confirmed by extended research, it 
seems equally probable that investigations carried out with proper 
regard to the varying physical geography of different geological 
periods will show the necessity of tracing the probable causes pro- 
ductive of new adjustments of lands and waters at those different 
times, and of studying the distribution of the lifet of such times 


to point to such animals as the trilobites, amoiu^ the more ancient accumulations, 
and to the ammonites of the middle portion of the fossiliferous scries, to show that 
certain marine creatures w hich have now ceased to exist onca swarmed in particular 
areas at given times, and have not lived after those times. No doubt the preserva- 
tion of the parts of many terrestrial animals re<juires a combination of favourable 
circumstances, so that no great surprise is to be experienced uhen we obtain few 
traces of such animals amid the contents of the old sea-bottoms usually presented to 
our examination. The reinuins of the marsupial mammal (^Pha^colotherium Bucklaiuli^ 
<)\^en) and of the insectivorous mammals {Amphitfurium Frevostii, and Am. Bro- 
dvripiiy Owen) in the Stoiicsfield slate (oolitic series), near Oxford, are sufficient to 
introduce caution into general reasoning as to tlie existence or non-existence of 
terrestrial mammals at iliflerent geological times. Speaking of the conditions under 
which these remains occur, Dr. Buckland remarks (Bridgewater Treatise, vol.i., p. 121) 
that “ at this place (Stonesfield) a single bed of calcareous and sandy slate, not six 
feet thick, contains an admixture of terrestrial animals and plants with shells which 
are decidedly marine; the bones of Didelphis {Amphitfwrhnn and Phascolotherium)^ 
Megalosauriis (a great saurian 40 or 50 feet long, partaking, according to Cuvier, of 
the structure of the monitor and crocodile), aiul Ptcroilactyle (a flying saurian), are so 
mixed with aininonites, nautili, belemnites, and many other species of marine shells, 
that there can be little doubt of this formation having been deposited at the bottom 
of a rea not far distant from some ancient shore.” SVith respect to the wing-covers 
of insects found in the same deposit, Dr. Buckland remarks (Bridgewater Treatise, 
vol. i., p. 411) that they arc all coleopterous, ‘-and in the oinnion of Mr. Curtis, 
many of them approach nearly to the Buprestis, a genus now most abundant in warm 
latitudes.” 

* As regards the forms of molluscs, the genera Aviada. Modioh. Tcrebratu/a, 
LinpulUf and Orhicula are found from the Silurian rocks iipwanls to the present day. 
The like with TurU)^ as a restricted genus, and also with Smdilus. nith slight varia- 
tions in form. With respect to those remarkable and beautiful animals the star- 
fishes, Professor Edwartl Forbes states, that species of the genus Vraster are found 
in tlie Silurian rocks closely resembling the existing northern forms (Decade I., 
“ Menioirsof the (Jeo logical Survey”), and that m the lias, UrasterGai'eyi (Decade III.) 
is only critically to be distinguished from the common Uruster rubens^ now inhabiting 
^the British seas. According also to the Professor, the Terebratvla striatula. of the 
cretaceous series, cannot be distinguished specifically from the Terebratula caput-ser^ 
pentis of the same seas. 

t It is very desirable, iu the enumeration of organic remains discovered in different 
beds and localities, properly to represent the abundance of the individuals of each 
species. Tliis mode of investigation has received careful attention during the pro- 
gress of the Geological Survey of the United Kingdom. W ithout due precaution of 
this kind, the remains of a single individual figures ns prominently as those of many 
hundreds, and a correct view of the corre8jM>iKlence or difference between the various 
portions of contcniporniicous accumulations as to the life entombed in them becomes 
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in accordance with those laws which appear to govern that distri- 
bution at the present time. At the same time we should not 
neglect those conditions which would follow a gradual decrease in 
hc&t of the earth, shouhl it eventually be iuund that a tem- 
perature more equal over the earth’s surlaa- than that afforded 
by the sun would appettr required for the distribution of animal 
and vegetable life in the earlier periods of its existence on our 
planet. 

much impeded. A careful study of the comparative numbers of indi\itlunls often 
shows how much some species of marine molluscs have preferred one kind of sea- 
bottom to another, while otliers seem to have flourished ctiually veil throu{;h varied 
olianges in the sea-bottoms. It is \\ ell to bear in mind that the researches of naturalists 
teach us that many an area is now little, if at all, tcnnntcil by marine molluscs, such 
areas being imsuited to their habits, while others adjoining them may be covered by 
multitudes of various molluscs. 
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As has been previously remarked, the distinction between the 
products of active and extinct volcanos is rather one of conve- 
nience than of fact ; and the same may, to a certain extent. Be also 
observed as to the differences between those above noticed (pp. 
317 — 407), and the products about to be mentioned. By arrang- 
ing igneous products according to the different geological dates 
to which they may be assigned, the observer has the means of 
studying not only tlieir modes of oi‘curreiice, but also the con- 
stancy or change of the elementary substances entering into tlieit 
composition during the lapse of geological time. 

The igneous rocks known to us by their appearance on the sur- 
face of the globe, have been found sufficiently well distributed to 
be available for an approximative estimate of their component 
elementary bodies. Viewed as a whole, they are chiefly oxides of 
substances commonly considered simple, one of tlie oxides, that of 
silicon, acting as an acid, and combining with a large portion of 
the other oxides. Silicic acid (silica), free or combined, may be 
seen more to prevail in certain rocks than in othci'S ; but there are 
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few Igneous products found in any abundance, which do not mamly 
consist of silica, or the silicates. The simple substances, with 
silicen, constituting this mass of matter, whence the sedimentary 
deposits have been, with minor exceptions, more or less directly 
or indirectly derived during the lapse of time, have not been Idund 
numerous. They are chiefly aluminium, potassium, sodium, (*al- 
cium, magnesium, iron, and manganese, making with silicon eight 
substances, considered elementary, .all combined with another, 
oxygen, and forming the great volume of the igneous rocks, such 
as they are known to us. Of other elementary substances enter- 
ing into their composition on a minor scale, probably sulpluir, 
boron, lithia, and fluorine, may be regarded as the principal bodies, 
with the addition of hydrogen, so flir as it may enter into the 
composition of any waters that can be regarded as a real coik- 
ponent part of these rocks. Numerous other simple substances, 
no doubt, may be detected amid these products in diflerent locali- 
ties, even sufliciently abundant in some to be remarkable; but 
viewed in the mass, the nine elementary substances above mentioned, 
with the four others in a minor manner, appear to constitute the 
great mass of tlie igneous rocks of all ages. 

That so much of the great volume of these rocks sliould consist 
of the combination of oxygen with a few simple substances, and 
that the union of oxygen with one of tliem should constitute sucli 
an important compound for further union witli tlie other oxides, 
are in themselves circumstances of no slight interest to a geologist 
anxious to trace some connexion between the igneous pruduc^ts of 
all geological periods and the substances beneatli the exterior and 
C(jnsolldated porthm of the eartli during tlie same lapse of time. 
We have elsewhere* estimated silica as constituting 45 per cent, 
of tlie mineral crust of the globe, hence the oxygen contained in 
silica alone would Ibrin at least 20 per cent, of that erust.t 11 tlie 
amount of oxygen in the other oxides be included, the percentaire 
becomes largely increased ; so that when this substance is regarded 
as free from its union with the matter forming rocks, and in a 
gaseous form, its volume becomes enormous.^ 

In studying these rocks it may be assumed that tlic observer 

would be desirous of ascertaining how far there may be evidence 

.• 

* ** Researches in Theoretical Geology,” 1834, p. 8. 

f According to Berzelius, silica is a compound of 48’ 4 parts silicon and .51 *6 parts 
of oxygen. 

I The volume of oxygen would be obviously still fartlier augmented by the addition 
of that contained in the various waters on tlic suriacc of the globe, water being a 
compound of oxygen and hydrogen. 
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of igneous products having been thrown out in the manner of 
those ejected from active volcanos at different geological times. 
As it so happens that certain portions of the earth’s surface appear 
to have remained in a i^tate undisturbed by igneous action from 
very early periods to the present day, while other portions seem 
frequently to liavc been subjected to this action during the same 
lapse of time, all regions, however interesting they may otherwise 
be geologically, do not present the needful conditions for this kind 
of investigation. In the British islands, presenting so many coast 
and other natural sections, as also so cut and pierced by the 
operations of the miner and engineer, it fortunately happens that 
amid the older fossiliferous deposits there is evidence of igneous 
products liaving been contemporaneously ejected. Igneous rocks 
are so entangled witli detrital accumulations of the Silurian series, 
especially well exhibited in Wales, and in the counties of Wicklow, 
Wexford, and Waterford, on the opposite sliorcs of Ireland, that a 
geologist has excellent opportunities aff)rded him for observation. 
He finds that the igneous products, thus associated with these old 
fossiliferous deposits, may be divided into those wliich have occu- 
pied tlicir relative positions in a molten form, and those wliich 
have been mingled with them through the agency ol‘ water, with 
also certain accumulations which may even have been piled up in 
a mechanical manner in air. 

Having in view the manner in which the products of existing 
volcanos arc thrown out into the air or water, and are commingled, 
it is desirable tliat the geologist should endeavour to trace any 
differences or resemblances he may find when opportunities of the 
kind noticed present themselves. In the first place he does not 
possess the advantages of the surfaces usually presented in active 
volcanic districts, or of those, such as in France (p. 401), which 
have not been disturbed by the action of seas upon them, but finds 
masses of mineral matter, of which the igneous products only con- 
stitute a part, usually thrown out of the positions in which they 
were originally accumulated, the igneous often bent and contorted 
with the aqueous deposits with which they are associated. These 
districts, moreover, arc often the mere wrecks of the mud, silt, 
and sand of former sea-bottoms, combined with the igneous pro- 
ducts, large portions having been removed by denuding causes, so 
that not only has the general mass been squeezed, bent, contorted, 
and sometimes broken, but portions of it (occasionally to be measured 
by cubic miles) entirely removed. Hence, no slight care and 
exact research arc required to collect the needful evidence, so that 
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all the parts may, mentally, be again restored satisfactorily to their 
places. This may often nevertheless be sufficiently accomplished. 

In examining the igneous products associated with the Silurian 
rocks in Wales and Ireland, two kinds become somewhat pro- 
minent, one in which the matter constituting felspar prevails, 
another in which that forming hornblende is mingled with the 
first, to an equal and even greater amount. Those accustomed to 
active volcanic regions might be disposed to see in this circum- 
stance a general resemblance to trachytes and dolcrites (p. 352) 
therein distinguished, as also those mixed products which have 
been named trachyte-doleritcs. Proceeding still further in the 
inquiry, it will be found that certain of these old products arc 
mingled mechanically with substances that have once formed ordi- 
nary mud, silt, sand, and even conglomerates, reminding us of the 
mixture of the ashes and lapilli tlirown out of existing volcanos, 
and intermixed with the detrital accumulations forming under the 
fitting conditions around or near many active igneous vents of the 
present day. Even lapilli may be detected amid beds wliich are 
composed of something more than the igneous substances them- 
selves. These appearances would alone lead an observer to con- 
sider the old igneous products before him with reference to certain 
of the results of’ modern volcanic action, and he would probably be 
not the less induced to take this course when he found, as in such 
districts he often may, organic remains amid them, either alone 
or mingled with common detritus, preserved precisely as in 
volcanic tuff* associated with the common mud, silt, and sand 
deposits of the present time. He will sometimes find the organic 
remains arranged in seams, as amid ordinary detrital accumulations, 
representing in like manner the bottoms of ancient seas strewed with 
the harder part of molluscs, and other marine animals of the time. 

The geologist may occasionally discover organic remains, thus ar- 
ranged in seams, the matter of the shells of molluscs still preserved 
in beds of hard and solid rocks, ringing under the hammer, and at 
first sight appearing as if they had flowed in a molten sUte, Such 
beds of consolidated igneous matter, arranged in water, are fre- 
quently very deceptive, requiring no slight care not to confound 
them with the rocks which have really flowed in a molten state amid 
those with which they are often associated. Not only in cases 
where such beds contain organic remains, but also where no trace 
of them can be detected, much caution is needed. For tlic most 
part microscopic observation will show that they arc composed of 
fragments of igneous molten products, in which the component 
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parts of fclspathic or hornblende minerals have variously pre- 
vailed, and that these fragments are angular. When lapilli, 
especially those having the aspect of pumice, are mingled in these 
accumulations, there is usually little difficulty in detennining 
their true character, and they then assume the appearance of those 
resulting from the deposits of the ashes and cinders thrown out 
of volcanic vents at the present day, more especially of such as 
have been formed in water by the fall of volcanic ashes and cin- 
ders in it, and are now elevated above it. They thus resemble 
the tuffs in the vicinity of Vesuvius, Etna, and some other active 
volcanos, wliich have showered ashes and cinders into seas adjoin- 
ing them, a change of relative level of the land and sea having 
been effected, and parts of former sea-bottoms having been upraised. 

Those who have devoted much close attention to the structure 
of‘ the valcanic tuffs of the present time can scarcely fail to be 
struck, particularly when they are regarded on the large scale, 
witli the resemblance of many of the accumulations of igneous pro- 
ducts asscxjiatcd with the Silurian rocks of Wales and Ireland to 
certain of them, especially to those such as palagonite (p. 368) 
and some others which have become consolidated and modified in 
appearance, so that the original small grains of ashes and fragments 
thrown out of volcanos have become one general and, at first sight, 
almost homogeneous substance. While in many localities the 
laminated character of the beds, and the presence of marine organic 
remains occurring in the same manner as in any other detrital and 
associated deposit, point to their accumulation beneath the sea, 
ashes^ and sometimes lapilli, vomited forth from the volcanos of 
tlic time and locality, and arranged in extensive and compara- 
tively thin beds; at others the conglomerates and breccias of 
igneous rocks, mingled confusedly with ancient volcanic tuff the 
whole interlaced with dykes and veins of felspathic and liorn- 
blcndic molten rocks of different kinds, remind the observer of a 
confused mixture of substances in the body of a volcano itself, 
partly subaerial and partly subaqueous, the general mass buried up 
by other accumulations as the volcanic rocks gradually descended 
beneath them. Of the natural sections exposed in Wales and 
Ireland, though there are many excellent opportunities in various 
places, the most instructive is probably on tlie coast of the county 
of Waterford, between Tramore and Bally voil Head, a distance 
of fifteen miles. Huge masses of these igneous products are there 
found in great variety, and molten rocks of different kinds and 
shapes will be seen sending out veins, and cutting as well the 
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ordinary detrital deposits, formed, prior to tlicse outbursts, as the 
igneous substances of the time. Conglomerates and breccias arc 
found piled in various forms, cemented by igneous matter, ap- 
parently thrown out as ashes, and ancient tuffs formed of smaller 
fragments are observed in different places, while examples are 
to be seen of deposits of various kinds changed in aspect and 
character where molten matter has burst in among them. There 
is also a variety of minor, but collectively importiint, objects of 
interest bearing upon the igneous products and their mode of ac- 
cumulation at this early geological period. As regards the in- 
trusion of molten matter amid the conglomerates and breccias, the 
following section (fig, 208) on the west of Killlirrasy Point may 
be found illustrative, others of equal intcicst being, however, suf- 
ficiently common. 


Fig. 20S. 



rt, compact igneous rock, in which the substances composing felspar prevail ; 6, 6, 

conglomerate ami breccia formed (»f various portions of igneous products, chictly fcl- 
spatiiic, cemented by matter resembling that of volcanic tuff. 

Such districts require obviously to be studied on the largtj 
scale. For example, the section exhibited on the Waterford ‘coast, 
excellent as it may be, would scarcely afford the necdl'ul evidence, 
taken by itself. It would be necessary to consider it with re- 
ference to the mode of occurrence of similar accumulations along 
their whole range, thence northward through the counties of 
Waterford, Wexlbrd, and Wicklow. When this is accomplished, 
the sections afforded on the coast of Waterford arc seen to form 
part of the general evidence pointing to the relative .age of the 
igneous accumulations at this time ; one shown, moreover, to 
have been anterior to the formation of the old red sandstone of 
the south of Ireland, Inasmuch as these igneous rocks, as also the 
beds of the Silurian scries with which they are associated, were 
disturbed, bent, and contorted before its accumulation, and tins 
old red sandstone not only reposes quietly upon the disturbed 
rocks, but also contains worn fragments of‘ the latter, the igneous 
substances included. 
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The geologist, seeing this considerable resemblance to the 
products of modern volcanos, and also the general similarity of the 
elementary substances found in them, as far as researches have yet 
extended,* (considering both igneous products in their masses,) 
would be prepared to find evidence of igneous action also bearing 
a resemblance to that of volcanos at the present time amid any 
accumulations of intermediate geological date, should the fitting 
conditions prevail. For evidence of this action he would look 
necessarily in very different regions ; for not only is it required that 
tliere should liave been igneous products of this kind at all geological 
times in various parts of the earth’s surface, sometimes in one locality, 
sometimes in anotlicr, but also that in the present arrangement 
of land and seas tliey should be attainable for observation. In this 
rcscarcli, liowever, tlic geologist may again find opix)rtunitics In the 
British islands. In Devon and Cornwall lie may obtain evidence 
of a continuance of tlie like igneous action at a subsequent period, 
amid deposits, some of which may be referred to the date of the 
old red sandstone scries of other parts of the British islands, while 
some arc more modern, and others perhaps more ancient. Amid 
the Devonian and Cornish accumulations of this date he will 
detect beds apparently also formed of the volcanic ashes of the 
time, and other arrangements of igneous matter, some rocks evi- 
dently poured forth in molten masses, and breaking through 
, ordinary and previously-formed deposits. Among numerous 
localities good sections are afforded at low tide on the Tamar, near 
Saltasli, showing an association of the Devonian rocks, molten 
products, and other accumulations of igneous origin.! In many 
situations, the igneous ash of the time graduates into the ordinary 


♦ Investigations are now in progress in the laboratory of the Museum of Practical 
Geology for the purpose of ascertaining the chemical composition of the igneous rocks 
of difTerent dates, obtained during the progress of the Geological Survey of the United 
Kingdom. 

t As we have elsewhere mentioned (“ Report on the Geology of Cornwall, Devon, 
and West Somerset,” 1839, p. 63), there is an abundant mixture of igneous and 
ordinary sedimentary rocks in the vicinity of Saltash and St. Stephen, and thence 
across the Taniar to St. Biideaux on the east, and towards St. ITrney on the west, and 
in the creeks which run up from the Lyhner to Manaton Castle and St. Urney. The 
schistose varieties are certainly contemporaneous with the associateil sedimentary 
deposits, while dykes of greenstone and other compounds of hornblcndic and fcl- 
spathic matter are seen to cut through the various accumulations, “ analogous to those 
which are produced in the bods of ash, and filled by lava on the fianks of volcanos, 
in cases where the latter are partly submarine ; traversing shales, clays, and other 
ocpicous deposits, as well as the ash, which in such cases may readily have become 
interstratified among them.” In the continuation of the beds near ^Itash, many of 
the schistose accumulations of ash so graduate into the common kinds of deposit of 
mud and silt that no correct distinctions can be drawn between them. 
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detrital matter associated with it, as well in the continuation of a 
contemporaneous deposit as in successive deposits, in the one oitse 
pointing to a gradual removal from the source ol* supply, such tis a 
volcanic vent ; in the other, to an unequal supply over the same 
area, occasionally intermittent, so that common deposits were 
effected on a sea-bottom at intervals. Good examples of tliesc 
kinds of igneous accumulations, with an intermixture of solid 
molten matter, some of the latter showing large-grained compounds 
of felspar and hornblende, arc to be found in the direction of 
Davidstow and St. Clctha. In certain of the ash-beds much 
calcareous matter is sometimes found, assisting as a cementing 
substance. They are so calcareous near Grylls, on the south of 
Lesnewth, that attempts have been made to burn the compound 
rock lor lime. 

Upon attentively examining the composition of those beds of 
igneous substances which are arranged amid the ordinary deposits 
of the time, it is found to vary much as to the molten products 
associated with the general mass of deposits. While some, like the 
trachytic tuffs of modern times, arc cliicfly formed of the comjm- 
nent parts of felspar, others are more like the dolerite tuffs, and 
contain substances usually found in augites and hornblendes, while 
others again partake of the character of both. Seeing that, like 
the ordinary muds, silts, and sands with which tlicy are associated, 
they have become consolidated, and like them also have been ex- 
posed to the passage of water through them, as well when buried 
deep (by depressions of the general area) beneath their present 
levels, as when exposed, as now, to atmospheric influences, many of 
these rocks may not now contain all the substances originally dis- 
tributed in them, while tliey, like the other deposits associated 
with them, may liave received additional mineral matter. It will 
readily be inferred that soluble substances, such as the silicates of 
soda and potash, may have been removed during the long lapse of 
geological time in which they may have been exposed to modifica- 
tion and change. Though there is this difficulty, much may yet be 
accomplished by accurate analysis of portions carefully selected. 

In Derbyshire the observer will again see igneous rocks associated 
with ordinary-deposits ; in this case with limestone, known as the 
carboniferous or mountain limestone, in such a manner that their 
relative geological antiquity#can be ascertained. Careful investiga- 
tion shows that in that area, at least, and probably much beyond 
it (beneath a covering of the sands, shales, and coals, known as the 
millstone grit and coal measures), and after a certain amount of 
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these limestones had been accumulated, there had been an outburst 
and overflow of molten rock, irregularly a^vering over portions of 
tliem. And further, that after this partial overflow, the limestone 
deposit still proceeded, probably sprea^ling from other localities 
where the conditions for its accumulation had continued uninter- 
ruptedly. Occasionally water action upon the igneous products 
may be inferred prior to the deposit of the calcareous beds upon 
them, if not also a certain amount of decomposition of the former, 
the limestones immediately covering tlicm containing fragments 
(some apparently water-worn), and a mingling of the subjacent rock, 
such as might be expected if calcareous matter had been thrown 
down upon the exposed and decomposed surfaces of the igneous 
rock. In some parts of the district another outflow of the same 
kind of igneous rock again took place, and was again covered by 
limestone beds, so that in such portions of the areii, two irregularly- 
disposed sliects of once molten rock arc included among the mass 
of tlie limestone beds. 

The following section (fig. 209) of part of this district,* by 
Professor Jolm Phillips, may serve to illustrate the mode of 
occurrence of these beds of igneous rock, the areas of which do not 
coincide, so that one outflow did not exactly cover that overspread 
by the other. In this section, a a arc the igneous rocks, locally 
known as toadstonesyj and b b the limestones, c being the covei*ing 
beds of millstone grit, and// faults. 


Fj;,^ 20 ). 

Fill Cop. How C'; o-s. 
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Natural sections (many of which arc excellent) and mining 
operations show that as regards thickness these overflows vary 
considerably, so much so as to aid the observer in forming some 
estimate of the localities whence the molten matter, when ejected, 
may have been distributed around. 


* A reduced portion of one (No. 18) of the horizontal sections of the Geological 
Survey of Great Britain. 

f Professor John Phillips suggests that this name is a corruption of the German 
word todiestein ; rothe todte litgende (red dead, or unproductive bed), being a term 
applied by German miners to the unproductive rocks subjacent to the copper-bearing 
slate of Mansfield and other localities. In like manner, the name Barruastety given to 
those who superintend the distribution of the mines and collect the dues or royalties, 
has long been considered a corruption of Bergmeister. — See Pilkington s ** Derbyshire, * 
1789, p. no. 
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Although there are clays amkl tlie limestones in the relative 
positions of the igneous rocks, and some of‘ these seem clearly little 
else than such rocks in a highly-decomposed state, retaining the 
arrangement of their component mineral substances, as, lor example, 
at the isolated boss of limestone at Crich, protruding (at a distance 
of miles from the main mass) from the squeezing action to which 
these rocks and the coal measures above them have been subjected, 
tlirough the lower part of the latter, known as millstone grit, it 
would scarcely be safe to conclude that all lying nearly in the 
same general geological levels were so, inasmuch as some of tlicm 
may be clays of another character. Care on this head is rendered 
necessary by finding a clay — a true underclay of the coal-measure 
kind, — supporting a thin bed of impure coal in tlic higher part of* 
the limestone series near Matlock liath.* 

In the case of Derbyshire, though there may have been a removal 
of a portion of the igneous beds by the action of* water upon their 
exposed surfaces (and an attentive examination of the upper over- 
flow likewise shows a quiet adjustment of the limestone beds 
formed upon it), no deposits resembling the ash and lapilli beds 
above mentioned as found in Devon and Cornwall, Wales and 
Ireland, have yet been detected. There is no evidence sliowing 
an accumulation of ash and cinders in the manner of subaei’ial 
volcanos. If there had been such, and this had been attacked by 
breaker action and currents, the geologist would expect to disc()vor 
some portions included amid the limestone beds, and such have not 
been found. It may readily have happened, therefore, that tlic 
igneous matter was thrown out in a molten state, without any 
accompaniment of ash and cinders ; and this might have taken 
place as well beneath the level of the sea as above it. 

Upon examining the structure of the igneous rock, it is found 
to be partly solid, and confusedly well crystallized, a compound of 
felspar and hornblende, with, sometimes, sulphuret of iron. It is 
partly vesicular, in some localities highly so ; the vesicles, as usual, 
filled with mineral matter of variems kinds,t where the rock has 
remained unaffected by atmospheric influences, but exliibiting the 
original and vesicular state of the molten rock where these have 


* This impure bed of coal was cut while driving the tunnel through the High Tor, 
for the railway running by Matlock Bath, and is to be well seen, dipping rapidly, 
with the other beds, in the drift cut into the cavernous mine, part of which is shown 
by the name of the Rutland Cavern, at the Heights of Abraham. 

t Carbonate of lime, as might be expected, is a very common substance in these 
vesicles. 
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removed the foreign substances in them. In some localities the 
scoriaceous character of the rock is as striking as amiA^lnany vol- 
canic regions of the present day. Like more modem igneous pro- 
ducts, also, it will often be found decomposed in a spheroidal form. 
The following (fig. 210) is an example of this decomposition at 
Diamond Hill, on the south side of Millersdale, where the con- 
cretionary structure has been developed somewhat on the minor 
scale, and the size of the spheroidal bodies is about that of bombshells 
and cannon-balls. 


Fig. 210. 



It will be thus seen that amid the older fossiliferous deposits 
igneous rocks may be so associated as to give the relative dates of 
their .ejection, even in such a manner as to lead to the inference 
that in some cases there have been subaerial volcanic vents at hand, 
whence molten matter, cinders, and ashes may have been thrown 
out, as in the present day, the elementary substances of which 
this ejected matter is composed, reminding the geologist very 
strongly of those thrown out in a similar manner in modern vol- 
canos. As has been stated (p. 553), it will require the observer 
to readjust in his mind the various parts of countries, like those 
noticed in Cornwall and Devon, Wales and Ireland, replacing the 
portiens now removed by denudation, properly to consider this 
subject with reference to the relative times when the various igneous 
products were ejected and accumulated amid the ordinary sedi- 
mentary deposits of that early geological time. Let the following 
section (fig. 211) be one of a volcano, so situated that while lava 



currents and dykes of molten matter (a a a) were thrown out and 
became mingled with subaerial tuff and volcanic breccias (6 b 6), 
subaqueous deposits were formed near and over these products, 
mingling volcanic and ordinary detritus in the same or associated 
beds. 
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If the volcanic action ceased, and the general area were depressed 
so that new and ordinary chemical or detrital deposits, d d d, were 
effected, and the whole was merely tilted, not complicating the 
subject with squeezing and contortion, and some new surface, w, 
be given to the general mass, as shown beneath (fig. 212), the ob- 


Fig,2l2. 



server will at once perceive that the mode of occurrence of the 
igneous rocks amid the ordinary deposits will require careful con- 
sideration and study. He will sec that a hasty investigation is 
not likely to afford the requisite data, and tliat prolonged researcli 
is needed for very exact determinations, though he may often find 
sufficient in a short time, if the natural or artificial sections be 
favourable, for a just general view of the subject. 

When igneous products are not associated with ordinary fossi- 
lifcrous deposits in the manner mentioned, and often, unfortunately, 
they cannot be so favourably studied, a geologist may still obtain 
certain relative dates by their mode of occurrence on the great 
scale. Fortunately, we may again take the British islands for 
illustration, as showing how much may be found connected with 
the subject even in that minor area. When the granite range of 
Wicklow and Wexford, and which also includes portions of adjacent 
counties, is examined with reference to the rocks in contact with 
it, it is seen that certain Cambrian and Silurian rocks, the range 
of which it traverses in a slanting manner, are upturned, much 
modified in their mineral structure, when in contact with tlie 
granite, and often much broken at the junction ; even huge masses 
of them included in the latter, granite filling the cavities and 
fissures thus produced ; so that little doubt is left that these rocks 
were formed prior to the intrusion of such granite. Thus far the 
observer merely obtains evidence of no very definite kind as to the 
actual period of this intrusion, though in the district' noticed he 
would see that this kind of igneous action took place after that 
which in the same area produced an out-throw of felspathic and 
homblendic products as above noticed (p. 553). He only discovers 
that the one set of igneous products has been uplifted by the other. 
Continuing his researches, he sees certain conglomerates of the old 
red sandstone reding quietly upon the granite, and, when this 
happens, containing rounded portions of that rock, as well as 
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much finer detritus from it. He also finds where the same con- 
glomerate stretches over the disturbed older rocks, with their 
included igneous products, that rounded and angular fragments of 
these products are imbedded in it. He has now the approximate 
relative date of the granite of the district, so far that it rose up 
after that portion of the Silurian series was formed which is there 
disturbed, and prior to such portion of the old red sandstone 
scries as is represented by this conglomerate. We will suppose 
that he has obtained evidence of a portion of the Silurian series 
disturbed being the lower, and of the conglomerate representing 
some higher or middle portion of the old red sandstone series, as 
found developed elsewhere in the British islands. There would 
then, no doubt, be something of an interval in the geological series, 
during which the uprise of the granite may have taken place, never- 
theless the observer has, by the means employed, arrived at a 
certain approximation of no slight value as to the real relative date 
of its protrusion. 

To show this value, it is only needful to turn to Devon and 
Cornwall, where at such a comparatively trifling distance, the geo- 
logist finds a granite of much the same general character pro- 
truding through the equivalents of those accumulations wliich have 
quietly covered the Irish granite mentioned, after its consolidation, 
the disturbance caused by the uprise of the Devonian and Cornish 
granite extending to the lower portion of the coal measures, as 
may be seen aroimd the northern part of Dartmoor, where veins 
extend from the granite in thatifdirection into these sedimentary 
rocks, in the same manner as into the Silurian deposits of Wicklow 
and Wexford. In the case abo of the granites of Cornwall and 
Devon, it becomes necessary to seek for evidence as to any deposits 
so occurring as to show the geological dates between which their 
uprise was effected. Throughout the greater part of the district, 
evidence of the kind required is not to be found, but on the east- 
ward of Dartmoor, and of the continuation of the deposits which 
have been disturbed at the time these granites were Intruded, beds 
are found,’ known as the new red sandstone series, reposing quietly 
on the disturbed rocks, the lower portion of them containing rounded 
and angular fragments of the latter. It would thus appear that the 
approximative date for the elevation of die Cornish and Devonian 
granites amid the accumulations efiected up to tliat time, was some- 
where between the lower part of the coal-measure series (including 
the millstone grit of central England in that series), and the lower 
portion of the new red sandstone deposits. 


2o2 
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Thus in south-eastern Ireland and south-western England there 
is evidence of two protrusions of granite at different geological 
periods, different rocks of known relative ages being disturbed on 
the one hand and unmoved on the other, so that approximative 
dates are obtained for both protrusions. If in the annexed section 
(fig. 213) a, a, be a mass of granite thrust upwards through sedi- 


Fig. 213. 



mentary beds b 5, sending veins into fraetures effected in them, as 
well as modifying their mineral structure at the junction, and c be 
an accumulation containing rounded or angular fragments of a and 

it follows that the relative geological dates of b and c being known 
that of the protrusion a, a, would be known, also, within greater or 
less limits as the formation of b and c may be separated or ap- 
proximate to each other in the geological series. This would be 
the case of south-eastern Ireland. In that of Devon the disturbed 
beds b 5, altered as before, and with granitic veins a, a, in them, 
would be covered by beds / reposing quietly on them, and also con- 
taining fragments of them, with here and there igneous rocks, e, 
interposed. 

Usually the relative dates of the rise of molten mineral substances 
into fissures of prior-formed rocks, such portions of igneous 
matter, known as dykes^ cannot be obtained when these are un- 
covered by accumulations of which the position in the geological 
series is known; as, for example, if, in the subjoined section 
(fig. 214), a and b be dykes of any igneous rocks cutting through 


Fig, 214. 



some sedimentary deposit c d, and these be uncovered by any ac- 
cumulation of ascertained geological date, the exact relative time 
when the cracks were effected and the molten matter rose in them 
would remain uncertain. It sometimes happens, however, that 
some evidence as to relative date may be obtained, of* a fair ap- 
proximative kind, even with respect to dykes of this character. It 
would not be sufficient that they cut one set of rocks, and not an- 
other, in some given district, without further general evidence, so 
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as to refer them with certainty to a particular time, anterior to the 
formation of the beds not cut by them, since it may have happened 
that contemporaneous causes did not act beyond a given area, though 
in certain of these cases there may appear much to support an in- 
ference to that cifect. For example, numerous greenstone dykes are 
found to traverse the Cambrian rocks in Merionethshire and 
Caernarvonshire, while these are not observable amid certain upper 
Silurian deposits in Denbighshire and Flintshire, and contempo- 
raneous igneous rocks are associated with intermediate accumulations 
in Caernarvonshire, and other adjacent counties. It might hence 
be inferred that, when the igneous eruptions producing the latter 
were effected, fissures were formed in the still more ancient deposits 
(Cambrian) and molten matter injected into them, and that igneous 
action ceasing, the adjoining higher parts of the Silurian deposits were 
undisturbed by the intrusion ofany igneous matter. It is far from im- 
probable that this inference would, in a great measure, be correct ; but 
that it is not wholly so, the inspection of dykes of the same kind tra- 
versing various parts of Anglesea, and seen to cut into the coal 
measures of the Menai Straits, between Bangor and the great sus- 
pension bridge, at once shows. It may readily have happened that 
igneous matter had been thrown into fissures formed at these different 
times in even the moderate area of Caernarvonshire and Anglesea, and 
hence it would be hazardous, without other evidence, to decide upon 
one dyke being separable in geological time from another, even when 
not far distant from each other, at the same time that many pro- 
babilities might seem to exist as to the relative date of some of 
them. 

The granitic and porphyry dykes in Cornwall and Devon, known 
locally as elvans, may be taken in illustration of the approximation 
to relative geological dates occasionally attainable. It has been 
seen that the granites of that district were upraised posterior to the 
deposit of the lower part of the coal measures, and anterior to that 
of the new red sandstone series. Subsequently to the protrusion of 
the granite, and to, at least, its partial consolidation, fissures were 
formed traversing both the granites and the various disturbed sedi- 
mentary rocks adjoining them, and into these fissures molten matter 
was introduced, as shown previously (fig. 7, p. 9), and as may be 
further illustrated by the following section (fig. 215), seen on the 
cliffs at Trevellas Cove, near St. Agnes, where an elvan a, a, cuts 
through the slates i, and is traversed by dislocations/, /, one of 
which materially shifts the rocks, and thereby displaces the elvan 
dyke, near the sea. With respect to the same fissures having tra- 



566 ELVANS IN CORNWALL AND DEVON. [Ch. XXIX. 

versed both the previously-consolidated rocks and the granite, the 



following map (fig. 216) of part of the mining district of Gwcnnap, 
Cornwall, may be useful, a, a, being the granite, e, <?, the scliistosc 



rocks broken thi-ough by it, 6, b, the elvan dykes, and s, greenstone. 
The fissures v, v, v, and d, d, d, were produced at different sub- 
sequent periods, some of them variously filled by the ores of tin and 
copper, or other substances, and known (locally) as lodea and cross 
courses. 

Upon examining the composition of these elvans, they are found 
to be formed of matter similar to that of the granites of the 
districts, usually corresponding with any modifications observable 
in patches of that rock exposed nearest on the surface. Indeed, 
they seem merely portions of the same general matter which rose 
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in fissures formed by the cracking of the adjacent granite, only 
consolidated in its higher parts, such cracks also extending through 
the various rocks above the granite. The relative date would be 
only so far thus obtained as to show that the filling of the fissures 
was posterior to the intrusion of the main masses of granite, some 
of the latter rock, in its molten state, readily rising into such 
fissures, formed both in its own higher parts, and in any covering 
rocks.* 

Proceeding eastward from the Dartmoor granite to the boundary 
of the new red sandstone series, where this reposes on the uneven 
surfaces and indentations of the older and previously-disturbed 
fossiliferous deposits in that direction, igneous rocks are found 
associated with its lowest part in some localities, pointing to local 
igneous action, while these lowest beds were accumulating. Not 
only arc some of these lower accumulations so entangled with the 
igneous rocks, that there appears difficulty in not considering them 
of contemporaneous production as a whole ;f but there would also 
appear to be traces of subaerial action. The latter seems to occur 
near Calverleigh, where, as in the annexed section (fig. 217), a, .a 


Fig. 217. 



represent the disturbed beds of the lower coal measures, at*part of 
an ancient gulf’ amid those rocks ; i, a conglomerate wholly com- 
posed of portions of these subjacent deposits, cemented by red 
sandstone and argillo-arenaceous matter, without any fragments of 
igneous rocks ; c, felspathic porphyries, and more compact 
felspathic rocks, some scoriaceous ; and d, conglorherates and sand- 
stones, fragments of’ the igneous rocks, and others of a similar 
character, being contained in the conglomerates. Along the range 


* Occasionally fragments have been detached from Uie adjacent rocks, and en- 
veloped in the molten matter of the clvans. That at Pentuan is among the beat 
examples of this circumstance. This elvan Is a fine-grained compound of felspar and 
quartz, with crystals of mica. Fragments of the slate rocks traversed are found in it. 
Occasionally, though rarely, there are portions of quartz which appear to have been 
broken off some quartz vein in the slates, and thus became, like the other fragments, 
included in the molten rock. In a branch of the Pentuan elvan, taking a course 
alongshore to the Black Head, the fragments derived from the adjoining rocks are 
very numerous, decreasing in abundance from the sides of the dyke towards its 
central part, in which they are rarely detected. 

t The intimate connexion of igneous rocks and the red sandstone series at Thor- 
verton and Silverton was pointed out, in 1621, by the Rev. J. Conybeare, “ Annals of 
Philosophy,” now series, vol. ii., p. 161. 
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of the Igneous rocks, particularly on the north of them, there is an 
arenaceous deposit, here and there mingled with the ordinary 
sandstone, which bears a great resemblance to a volcanic product, so 
much so as to lead to the inference that it had been ejected in the 
manner of volcanic ash, and that, falling into water, it had been 
mingled with the mud, sand, and gravel, adjoining some volcanic 
vent of the time.^ 

The igneous rocks of this date can be well studied at the base of 
the new red sandstone series from Exeter to Haldon Hill. They 
are seen at Pocombe Hill, resting directly on the edges of the dis- 
turbed and subjacent coal measures, and are chiefly formed of a 
siliceo-felspathic compound, with occasional though not numerous 
vesicles. These igneous rocks are also well exhibited between Ide 
and Dunchidiock, resting on similar accumulations. Near Western 
Town, the intimate connexion between them and the red sandstone 
and conglomerates can be seen. By reference to geological maps^ 
it will be observed that the igneous rocks thus associated with the 
lower portions of the new red sandstone series near Exeter, 
Credlton, Thorverton, Kellcrton, Silverton, and even near Tiver- 
ton, have been thrown out in a prolongation of the general direction 
of the granite bosses and elvans extending from the Scilly Islands to 
Dartmoor. By examining their component parts, they are observed 
to be formed of substances corresponding with those found in these 
granites and elvans. While many of them present a porphyritic 
character, others are more homogeneous in structure, and some- 
times vesicular. Much of the lower new red conglomerates and 
breccias in the neighbourhood of these igneous rocks is composed 
of fragments derived from them, so that these fragments, if again 
gathered together, would constitute no inconsiderable mass. 
Among them many porphyries are found, as well containing 
quartz as felspar. Masses of the igneous rocks from which they 
are derived are not often observable, though in such a district 
the portions visible on the surface afford no measure of the 
igneous masses which may be buried beneath a thick covering 


The facts in this locality would appear to show, that along a range of ancient 
coast, of a date corresponding to the first production of the new red sandstone series 
of Devon and Somerset (see Maps of the Geological Survey, Sheets 20, 21, 22), there 
was (1) a subaqueous valley, or depression, among the disturbed coal measures, 
there occurring, the partial abrasion of which, by breakers on the shores adjoining, 
produced (2) the shingles, and other detritus, now forming a conglomerate. Sub* 
sequently (3), igneous products were accumulated, probably ejected from a neigh- 
bouring vent, which, with others in South Devon, were then in action; and finally a 
partial destruction of these rocks afibrding (4) some of the materials for a conglome- 
rate, afterwards formed. 



Ch. XXIX.] THE NEW RED SANDfiTTONE SERIES IN DEVON. 


569 


of detrital matter. It is, therefore, important to observe por- 
phyries in place, sometimes only containing quartz crystals; at 
others, these mingled with crystals of felspar, associated with 
the lower part of the new red sandstone series, at Ideston and 
Knole. 

Weighing all the facts thus observable, the geologist might be 
led to infer that the date of at least some of the elvans of Cornwall 
and Devon, though they are uncovered by deposits affording direct 
means for approximating to the time when they rose in the fissures 
where they are found, might not very materially differ from the 
commencement of those accumulations which constitute the lower 
portion of‘ the new red sandstone series of that part of England, 
granitic matter constituting the base of the various rocks ejected, 
and being merely modified in its aspect according to the varied 
conditions to which it had been subjected. So much denudation 
has taken place in this region since these ancient igneous rocks were 
ejected, that no doubt many a mass showing any connexion which 
once existed between such igneous rocks as those near Exeter and 
other adjacent parts of Devonshire has been swept away. As illus- 
trating a denudation of deposits of the new red sandstone series in 
Devonshire, so that a portion of them only now remains, we have 
already noticed the Thurlestone rack in Bigbury Bay (fig. 47, 
p. 52), a detached piece of the small patch there occurring. Pro- 
ceeding still further westward to Plymouth Sound, a porphyritic 
rock, of the same general kind as those which are found near 
Exeter, is seen cutting through the Devonian rocks at Cawsand, 
anc^ on the coast thence towards Redding Point, ♦ forming, as it 
were, a sort of connecting link between the elvans more westward 
and the igneous rocks above noticed, and appearing to constitute 
the denuded remains of the lower part of the new red sandstone 
series, extending, with an admixture of igneous products, in this 
direction, a small patch still remaining of the old continuous 
deposit at Bigbury Bay, and at Slapton, in Start Bay. 

With respect to the elvan dykes in the counties of Wicklow and 
Wexford, which in their mode of occurrence and aspect resemble 
those of Devon and Cornwall, though an observer does not appear 
to possess the same opportunities of inferring their relative dates, 
inasmuch as igneous rocks, composed of similar substances with 


* This porphyritic rock is a compound of felspar and quartz, containing crystals of 
mica, and, more rarely, of felspar. It is of a somewhat earthy character, probably, 
from the effects of decomposition. The colour is reddish, as a mass, mixed occa- 
sionally with spots of bluish green. 
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these efamu^ We not hitherto bem deteeted in the lower pert of 
the old red sandstone covering up the disturbed rooks in which the 
fissmes^ filled by them, have been effected ; still, as the old red 
s an d sto n e contains portions of the granite of the district, and is 
uncut by the elvans, it m^ht be inferred that the date of these 
divans was not only posterior to the granite, but also anterior to 
the old red sandstone^ They are to the granites of this part of 
Ireland what the elvans of Devon and Coniwall are to the granite 
of tliat part of England. They seem the result of cracks from tlie 
cooling and solidification of a crust, so to speak, of the molten mass 
beneath, such cracks passing through superincumbent rocks 
adhering to this cooled and solidified crust. The elvans of Wick- 
low and Wexford can be well studied, not only inland but on the 
coasts. Good examples of their mode of occurrence at the latter 
are to be found at Seapark Point, Wicklow. 

Of the two classes of igneous rocks above noticed, the one chiefly 
differs from the other chemically, in the presence, in part of one 
class only, of a larger proportion of lime and magnesia, these some- 
times replaced by oxide of iron. This difiercnce is principally 
confined, as a whole, to that portion of one class which contains the 
mineral named homhlmde in which the silicates of lime and mag- 
nesia, though somewhat variable in quantities, form marked ingre- 
dients, the lime alone mounting to from 10 to 15 per cent, of that 
mineral, and the magnesia varying from 15 to 25 per cent. 
Usually in these rocks the protoxide of iron more or less replaces 
some of the lime or magnesia of the homhlmde. The presence of 
hornblende, when in proportions extending even to ith or ^rd of ^the 
mass, renders the rock in which it thus occurs far more fusible than 
the compounds of felspar and silica, or of felspar, quartz, and mica, 
a difference due probably, in great measure, to the silicate of lime 
acting as a flux. 

In the other igneous rocks, those which have been ejected in a 
molten state (not referring to those which have been noticed under 
the head of modern volcanic products), and in the first place con- 
fining our attention to the great mass of them composed of two or 
more of the minerals named quartz, felspar (whether orthoclase or 
albite), mica and hornblende, as chief and prevailing substances, 
neither in the compounds of quartz and felspar, nor in that of 
quartz, mica, and felspar (orthoclase or albite), is there the same 
amount of lime as when hornblende enters into the mass. The 
prevailing mica in such rocks seems to be that commonly termed 
potash-mica, from that substance being a marked ingredient in it. 
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In thk mineral the lime is usually in veiy quaiiti^; coiii- 
monly under 1 per cent. In the Hthia and magnesia micas it is: 
rare, and, when found, has been so only in very small proportion. 
In the felspar, also, when either orthoclase or albite, members of 
this family apparently much distributed amid the older igneous 
rocks, lime has only been detected hitherto in small quantities, 
rarely in proportions equal to 1 per cent.* In compounds wherein 
labradorite is found, the case would be different, since this is a 
felspar in which lime usually occurs in comparatively large propor- 
tions, from 10 to 15 per cent. Silicate of lime, therefore, would 
appear to constitute a marked source of difference between the 
igneous rocks with and without hornblende and labradorite. With 
respect to the magnesia in many hornblendes, this also would be a 
substance of importance when compared with compounds of quartz, 

. felspar (eitlier orthoclase, albite, or labradorite), and mica, unless 
the latter were magnesia; mica, into which this substance is found 
to enter in proportions varying from 10 to 15 per cent,, or those 
varieties of felspar which liave been referred to orthoclase, and yet 
contain from 10 to 20 per cent, of magnesia. 

As the trachytes of more modern geological times have been 
inferred to be some modifications of granites (p. 360), the observer 
might be induced to inquire how far the old igneous products 
noticed as occurring like certain of those of the present time may, 

. in like manner, have been modifications of granitic matter beneath 
them ; how far, in fact, certain of the molten felspathic rocks of 
the British islands associated with the older fossiliferous deposits 
may Jfiavc been the trachytes of those times, and have been derived 
irom granitic matter below them, such granitic matter afterwards 
upheaving these earlier modifications of portions of it, when geolo- 
gical time advanced and with it conditions for such a movement. 
With the hornblendic compounds there would be the same diflBi- 
culty as with the modern dolerites and lavas of that class, so far as 
the silicate of lime was concerned, though in both cases, supposing 
silicate of lime to form a marked part of a fused mass, that it should 
be ready, as a substance aiding in fluxing others, to be thrown 
upwards, might be anticipated from the conduct in our furnaces of 
the slags into which silicate of lime largely enters. 


* Dr. Abich found 1*26 of lime in the orthoclase of the trachyte of Pantellaria, 
and 2*06 in the basis of the Drachenfels trachyte. The orthoclase of the older 
igneous rocks has not hitherto afforded any proportion of this kind, though at the 
same time, it must be confessed, that the igneous rocks of that date have not, as yet, 
received sufficient extended examination to arrive at any accurate results aa to the 
chemical composition of the greater masses. 



sn OOMPAOT FSUPAB Am) PBOMATITE. CB.XXDL 

BeqMCtmg liie compound of the matter of felspar and an addi- 
tional quantity of silica, beyond that required for the silicates in 
the minerals of that family, good opportunities are often afforded 
for studying the variable aspect it assumes as the conditions for 
cooling may have been favourable, or otherwise, to the crystallization 
of the felspar. When cooled so that the crystallization is not 
apparent, the compound has a homogeneous aspect, and is commonly 
known as compact felspar ; when confusedly crystallized and silica 
is well separated, as quartz, from the other ingredients, it fonns one 
of those binary granitic, mixtures sometimes termed granitello and 
pegmatite. Occasionaliy crystals of felspar being developed while 
the remainder of the rock retains its homogeneous character, a 
variety of homstone porphyry is produced.* The variable aspect 
of the less crystalline varieties may be seen in numerous situatl.'ns, 
the complete crystallization not so frequently.! In countries 
in which granitic matter has upheaved the prior superficial accu- 
mulations of this class, the resemblance of some kinds of products 
is sometimes so considerable as occasionally to lead to much 
ambiguity respecting their relative dates. 


* Of a columnar mass of the latter, the columns in part somewhat bent, a good 
example may be seen among the igneous products associated with the Silurian scries 
west of Knock Mahon, on the coast of Waterford. 

t A good example of a binary compound of quartz and felspar may be found 
among the igneous rocks amid the Cambrian series, close to tlie town of Caernarvon, 
on the northward ; part of a portion of molten matter, in which the more common 
homogeneous mode of occurrence of the silicates of the felspar combined with the 
quartz, prevails. 
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Whether the observer studies the granite of south-western Eng- 
land, or that of prior elevation in south-eastern Ireland, he finds 
the same general mode of occurrence, one very diflferent from that 
of the igneous products associated with the Devonian rocks in one 
district, and the Silurian rocks in the other. There is no inter- 
stratification and contemporaneous intermingling of parts, but, on 
the contrary, evident protrusion in mass, and a subsequent filling 
of fissures traversing the beds of pre-existing deposits. In both 
districts, the granitic protrusions appear the accompaniments of 
great contortions, foldings, and even dislocations of prior accumu- 
lations of all kinds, as if, amid this squeezing and new adjustment 
of such accumulations, molten matter beneath rose upwards (there 
being sufiiclent pressure upon it), and occupied areas where the 
resistance of any prior superficial covering was insufficient to resist 
this intrusion. 

Upon examining the boundaries of the granitic masses observable 
on the surface, the amount of fractures affected around them, and 
in the various rocks adjoining, is found to be considerable. Indeed, 
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where opportunities are afforded either by natural exposures or 
artificial sections, they are seen to be common. Thus, inde- 
pendently of any great movements or dislocations of prior-formed 
rocks of all kinds, the margins of the granitic intrusions are them- 
selves marked by abundant fractures on a minor scale, as if those 
intrusions had themselves in some measure been connected with their 
production. As to the extent of the fractures into the adjoining 
and prior-formed rocks, it may be considered as somewhat insig- 
nificant when regarded with reference to their mass and that of the 
granites. In the range of the Wicklow and Wexford granite, not 
only are these cracks found abundantly, but evidence is also 
afforded of huge detached masses of detrital rocks being apparently 
embedded in the external parts of the same granite. This can be 
well studied in Glenmalure, where such great masses seem as if 
partly contained in the granite, having floated on that rock when 
in a molten state, like great icebergs in the sea, and like them also 
in part submerged. No doubt this may be only appearance, as the 
parts connecting these masses may have been removed by denuda- 
tion. At the same time when sections are made of the whole on 
a scale equal for height and distance, and all the foldings of the 
older rocks are considered, a great breaking up of the latter seems 
needed to account for the mode of occurrence of all the rocks. No 
doubt that much of both the older rocks and the granite of south- 
eastern Ireland has been removed by denudation effected during a 
long lapse of geological time, often by abrasion from heavy breaker 
action, while rising above or descending beneath the ocean level 
yet there still appears to have been disruption of the prior-formed 
Cambrian and Silurian rocks. The curve, which agrees with the 


* It is not a little interesting, in this part of Ireland, to study the denudation with 
reference to the exposure of both the granite and altered sedimentary rocks (for they 
and certain associated igneous products of that date are much modified and altered, 
as will be liereafter noticed) to the same degrading forces. The granite is often of a 
decomposing kind, while the altered rocks arc, for the most part, tough ; hence the 
exposure of both to the same abrading force has caused the softer substance to be 
worn away more than the harder. In consequence the tough altered rocks have been 
the means of preserving much of the granite beneath them from removal. Lugna- 
quilla, the highest of the range, is capped by these altered rocks, now chiefly mica 
slates ; and many other examples of heights and flanks of mountains thus preserved 
may be seen. * When this denudation is also studied with reference to an Atlantic 
exposure, the interest is not lessened, inasmuch as the western flanks of the moun- 
tains point to more abrasion on that side than on the east, just as would happen from 
the destructive influence of Atlantic breakers, rolling in, as now, from the westward. 
It requires very little imagination, when standing upon some parts of this range, to 
fill up the lower ground with sea, so that the Atlantic may break upon the cliffs 
beneath, facing the west. In the range of mountains near that named Blackstairs, the 
cliff character of the western flanks is very marked. 
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upraised masses of the prior-formed rocks, and fortunately many 
of these are still preserved, showing the probable extent to which 
they have been so raised to a height above those crumpled and 
folded on either side, is of the kind represented beneath (fig. 218). 
This may not be considerable, yet it seems difficult to obtain the 
effects produced without much separation as well as disruption of 
parts of the older rocks. In this section, upon the same scale lor 

Fig. 218. 
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heights and distances, a a, is the intruded granite, c c, the contorted 
and older rocks on either side, altered near the granite, and i 6 J, 
portions of them uplifted, a large mass forming the summit of (L) 
Lugnaquilla. 

Upon examining the contents of the cracks in the prior-formed 
rocks surrounding the granitic masses, tliey are found filled with 
the granite in such a manner as to show the comparative liquidity 
of that substance when the cracks were made and filled, for even 
fine threads may be occasionally seen, branching out of the main 
cracks, with granitic matter in them. Though, as might be 
anticipated, the crystallization of this matter is modified in the finer 
fissures, from differences of the rate of cooling alone, the contents of 
the granitic veins generally would point to long-sustained heat 
among the intruded rocks, the whole having probably required a 
considerable lapse of time lor solidification. The following sketch 
(fig. 219) of some granitic veins at Wicca Cove, or Pool, near 


Fig. 219. 



Zennor, Cornwall, may serve to illustrate the mode of occurrence 
of many of them, and the annexed section (fig. 220) will show their 
connexion with an adjacent mass of granite behind the rocks ex- 
posed in the sketch (fig. 219), a a, being the granitic veins, 6 6, 
altered slate, and c the main mass of granite. 
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The west coast of Cornwall, exposing the junction of the granite 
of that district with the sedimentary deposits and the igneous rocks 

Fig. 290. 



associated with them, offers many other illustrative instances, as at 
Pendeen Cove, Cape Cornwall, Tetterdu Point, Mousehole, and 
other places. They are also as well and easily seen at St. Mioliacl s 
Mount. The following sketch (fig. 221), exhibits the section of a 

Fir. 221. 
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somewhat complicated fracture, the shaded parts (a a a) being altered 
slates, and the dotted portion granite, the mass of the latter occurring 
on the side b, b. Looking at these veins as a whole, it would often 
appear as if the prior-formed rocks had not yielded very slowly to 
the force applied, but in a comparatively sudden manner, the 
granitic matter being driven into the cracks, formed by heavy 
pressure, so as to fill up the fine fissures.* There often also seems 
evidence of cracks having been formed after only a mere comparative 

* Portions of these rocks are sometimes found completely isolated in the matter of 
the granitic vein. 
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film of the main mass of granite had been consolidated, granitic 
veins similar to those amid the prior-formed rocks, and clearly 
merging into the main mass of granite, being found alike to traverse 
a certain amount of the external parts of the granite and these other 
rocks.* In general sucli veins are easily to be distinguished from 
the elvan dykes (the result apparently of subsequent action) by their 
tortuous courses, and by their general resemblance to those first 
foi’mcd amid the older rocks at their junction with the granite.*f 
The chemical composition of granitic masses will necessarily 
engage tlie attention of the observer, more especially when he con- 
siders that so much of the detrital deposits of all ages have been 
derived from granitic matter ; indeed, the volume thus distributed 
as detrital accumulations must be enormous. As has been seen, the 
elementary substances forming the chief part of the volume of this 
rock do not appear to be numerous. For certain of the modifi- 
cations of mineral structure it may be again desirable to refer to 
tlic portions of the Ilrltish islands already noticed, since the relative 
a<yes of the igneous rocks in them are so well shown. Funda- 

o o 

mentally, the constituents of the granites in south-western England 
•and south-eastern Ireland seem little different. The chief variations 
may probably consist in the gicatcr admixture of schorl with the 
other constituent minerals in the former than in the latter ; indeed, 
generally speaking, schorl is mre in the granites of southern Ireland. 
Such differences can readily be considered as merely local, the same 
inolten matter beneath having supplied the portions upraised at 
different geological times. Be this as it may, the presence of a 
mineral in any abundance which contains boracic acid as an essen- 
tial ingredient, J is one of importance, more particularly when we 
refer to the researches of M, Ebelmen, he having shown that by 


* Instances of tliis kind arc not uncommon, both in south-eastern Ireland and 
south-western England. They are well exhibited at Kllliney Hill, near Dublin, and 
the large masses of granite brought from thence for the harbour at Kingstown 
often show them. They are also to be well seen in the granite of the Scilly Islands, 
and tlie exposed granites of the Land’s End coast, as at Tol-Pedn-Pcnwith and 
Lamorna Cove. 

t In examining granitic countries it is very needful not to confound the filling of 
joints in granite with quartz, felsimr, and mica, in the manner of fissures, including 
mineral veins, with the granitic veins noticed in the text ; such modes of filling being 
very deceptive, unless due care be employed. They can, however, be usual I 3 ’ well 
distinguished by the manner in which the minerals occur in them, showing a deposit 
from solutions against the walls of tlic granitic fissures, the crystals pointing inwards, 
and arranged in the manner of many common and mineral veins. 

X The analyses of M. Hermann give about 10 per cent, of boracic acid in schorl, 
3‘.) of silica, 31 of alumina, a variable quantity of protoxide of iron (4 to Pi per cent.), 
2 to 9 of magnesia, with a few other subordinate, and, probably, accidental substances, 
such as lithia, soda, and potash. 

2 1> 
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employing that acid as a solvent, at an elevated temperature, 
minerals may be produced by the evaporation of this solvent, some 
of them gems, such as rubies, which are usually termed insoluble, 
and infusible in our furnaces, a result having a considerable bearing 
upon the production of many igneous compounds.* 

Cornwall and Devon present frequent and good opportunities for 
the study of schorlaceous granites and rocks composed of schorl and 
quartz (usually termed %c}wtI rock) in connection with them. As 
might be expected from the comparatively easy removal of boracic 
acid by considerable heat, the chiefly schorlaceous compounds are 
found at tlie extreme parts of the granitic masses. They vary 
from a simple binary compound of schorl and quartz to mixtures of 
schorl, felspar, quartz, and mica; the latter is, however, not an 
usual ingredient in the granitic rock when schorl is present in any 
abundance. Complete passages may frequently be traced between 
the ordinary compound of quartz, felspar, and mica, by the gradual 
loss of the felspar and mica, into the simple mixture of quartz and 
schorl, the mica being commonly the first to disappear. The schorl 
sometimes presents itself in radiating bunches of crystals, especially 
amid the quartz.t Here and there different arrangements of schorl 


* The researches of M. Ehelmen on this subject arc marked by the true spirit of 
philosophic investigation. He sought for a substance which at a high temperature 
acts like water, as rcgar<ls others dissolved in it. As by the evaporation of water 
certain crystalline bodies might be formed, so, he inferred, that by employing those 
which could be volatilised at high temperatures, yet at a given heat, while in fusion, 
be capable of dissolving the greater part of metallic oxides, certain calculated propor- 
tions of some oxides would crystallize, when the dissolving body was evaporated in 
open vessels at a great heat. Acting upon this view, and selecting boracic acid as the 
solvent, he was completely successful, producing rubies, sapphires, spinels, enryso- 
beryl, chrysolite, chromate of iron, and others. Crystals of emerald were formed from 
pounded emeralds, when fused with boracic acid and a little oxide of chromium. The 
crystals of chrysoberyl were sufficiently large to have their optical properties tried, 
and these were found to be identical with those of the natural mineral. 

t Goo<l examples of nests of schorl in quartz, the crystals radiating, may be seen in 
the Dartmoor granite, as above Bowdley, near Ashburton. Schorlaceous granite and 
schorl rock can be also well seen in the same granitic district at Holne Lee, and on 
the south of the moor, as also near Tavistock. The granite of the Brown Willy mass 
is not so schorlaceous, though schorl is found, especially towards the south. Near 
St. Cleer, there are compounds of schorl, felspar, quartz, and mica, similar to some 
found on Dartmoor. The St. Austell granite is much more schorlaceous, veins of 
that mineral being common in it. The decomposed granite of that district, furnishing 
BO much clay to the porcelain works of England, is extremely schorlaceous. Singular 
stripes of schorl rock are found at its outskirts, as between Watch Hill and l.ong- 
lane; on the north and south of Burthy Row, near St. Enoder, and at the long- 
celebrated Roche Rock. Near Meladore there is an interesting mixture of schorl 
and quartz, containing large crystals of felspar, some of these decomposed, and 
crystallized schorl introduced into the cavities left by them. At Calliquoiter Rock 
there are variable mixtures of schorl, quartz, felspar, and mica, the outside portions 
formed of the two former. The granite of St. Dennis Hill is in like manner a com- 
pound of these four minerals. The Cam Menelez granite is not so schorlaceous. 
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and of the other minerals are observed. The following (fig. 222) 
is a somewhat marked instance of the adjustment of varied cora- 

Fig. 222. 
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pounds round a kind of central nucleus. It occurs in the Dartmoor 
granite, towards Camwood, a is a cavity not quite filled by long 
crystals of schorl, crossing in many oblique directions, but with a 
general tendency towards the centre ; J is an envelope of quartz 
and schorl, the former predominating ; c, another covering of the 
same minerals, the schorl being more abundant; and d, a light 
flesh-coloured granite, the felspar predominating. 

Large crystals of felspar are not uncommon in the granites of 
Cornwall and Devon, rendering the rock a porphyritic granite. 
That of Dartmoor is not unfrequently of this character, as is also 
the granite of the Brown Willy district, and the same variety may 
be seen in many other localities.* The granites of south-eastern 
Ircknd are also occasionally porphyritic, from the distribution of 
felspar crystals amid the ordinary triple compound of quartz, felspar, 
and mica. 

Throughout these districts, though the granite may enter the 
fractures of the adjacent and prior-formed rocks, there is no trace of 
an overflow of the igneous matter in a molten state, so that the 
observer is led to infer that, when the intrusion was effected, the 



though schorl is found, and more especially at the confines of the mass. The 
Land’s End granite is schorlaceous to a considerable extent. A variety of schorl 
rock, composed of a base of schorl and quartz, with large crystals of felspar, is found 
close to Trevalga, near St. Ives. Here also, in some parts, the crystals of felspar have 
been decomposed and removed, and the cavities more or less filled with crystals of 
schorl. 

* As chiefly differing from the ordinary granite, that of St. Austell is probably the 
most marked, a steatitic mineral therein replacing mica to a great extent, particularly 
in the portions which are found in a decomposed state. Much pinite (a silicate of 
alumina and magnesia, the latter partly replaced by protoxide of iron) is mingled 
with a part of the granite near the Land’s End. 

2 p 2 
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igneous rock was not as now exposed to the atmosphere, or beneath 
waters in such a manner that it could pass beyond the broken por- 
tions of die deposits now forming its superficial boundaries, and 
flow over them in the manner of lava discharged from a volcanic 
vent. If any portion of these granites did so pass over prior- 
formed, consolidated, and disrupted rocks, all traces of such over- 
flows have been removed by denudation. Molten matter in a 
sufficiently fluid state to enter the smaller ramifications of the 
cracks around the masses of granite, would readily, if elevated 
sufficiently high, overflow the disrupted and contorted d posits 
amid which it was protruded. The covering of‘ the gra ite of 
south-eastern Ireland is comparatively slight ; the whole ( strict 
adjoining the main masses of that rock is so pierced and cut by it, 
as to show upon the surfaces exposed, that the whole ol‘ tlu' prior- 
formed accumulations has been upborne, so that upon the denuda- 
tion of the various inequalities, the granite was unequally exposed.* 
The same may be said with reference to south-western England 
between Dartmoor and the Scllly Islands.. 

There is yet another igneous product in a part of this limited 
area to which a relative geological date may be assigned. This 
product is serpentine, which is chiefly found in considerable abun- 
dance in the Lizard district, in Cornwall. It is seen among the 
Devonian rocks in a manner reminding us of the mode of occur- 
rence of some of the contemporaneous compounds of felspar and 
hornblende, which have been associated, in a molten state, with 
the sedimentary deposits of that date. That it was vomited forth 
anterior to the granite of the district, would appear from its Ixing 
traversed by veins of that rock, in the same manner that other 
rocks of the district are traversed by them. Even allowing that 
these veins may be of no greater antiquity than the elvans of the 
same county, this would limit the fissures for their introduction to 
about the age of the lower new red sandstone deposits of that land. 
At Clicker Tor, south of Liskeard, serpentine is found amid 
Devonian slates, and near Veryan, diallage rock (diaflage and 
felspar) is seen associated with similar serpentine, and in a manner 
pointing to an ejection of these rocks in the same way as certain 
greenstones amid accumulations of the igneous products of the 


♦ The granite of the island of Anglesea, probably of about the same date, is also 
interesting, as showing how readily it might be concealed from superficial exposure, 
by a somewhat more thick envelope of the Silurian rocks through which it has risen. 
Indeed some of the portions exposed are merely minor inequalities cut into by de- 
nudation. 
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district. The position of the Lizard serpentine, and the diallage 
rock found with it, seems much the same with these minor portions 
of serpentine more eastward. The Lizard serpentine occupies a 
somewhat large area, reposing upon hornblende slates and rock, 
which appear little else than the ordinary volcanic ash-beds above 
mentioned as intermingled contemporaneously with the ordinary 
detrital deposits of the time and locality (p, 558).* There is often 
an apparent passage from the diallage rocks into the serpentine, t 
while also there seems an intrusion of serpentine amid the former, 
as between Dranna Point and Porthalla. 

Though there may be some intermixtures of the serpentine 
and the diallage rock rendering their relative antiquity a little 
doubtful in places, as a whole, the latter would appear to have 
been thrown up after the former. At the junction of the diallage 
rock of Crousa Downs and St. Keverne, with the serpentine at 
Coverack Cove, veins of the former cut through the latter.^ On 
observing, also, the connexion of these two rocks, in a range ex- 
tending from Careglooz through Gwinter towards Goonhilly Downs, 
the diallage rock seems to have cut through and disturbed the 
serpentine. Near Landewednack, also, tlie diallage rock appears 
to rise through the hornblende slates and cut into the serpentine. 
This diallage rock, as between Coverack Cove and St. Keverne, 


* It is not altogether clear whether this alteration may not be due to the influence 
of some granitic mass beneath, with which the granite veins, traversing the serpentine, 
may be connected, such granitic mass closer to the latter than might be inferred from 
tlie natural sections, inasmuch as beneath the hornblende rocks and slates, there are 
talco>micaccous slates to a certain extent iuterstratified with the latter, much remind- 
ing fhe observer of the various alterations eflfected in the proximity of the granites of 
the district. A glance at the Geological Survey Maps (Sheets 23, 24, 25, 30, 31, 32), 
or at the Index Map in the Report on the Geology of Cornwall, will show that there 
may readily be a line of granite concealed beneath the sea, and ranging in a somewhat 
general manner with the granite from Dartmoor to the Land’s End, which has caused 
the alteration of the rocks into the mica slate and gneiss of the Start Point, and Bull 
Head, Devon, and produced the gneiss on which the Eddystone Lighthouse, in front 
of Plymouth Sound, is erected, and the talco-micaceous slates of the Lizard Point. 
The connexion of the hornblende slates with the latter may be conveniently seen near 
Poltreath, on the west of the Lizard Town, 
t As we have elsewhere remarked (Report on the Geology of Cornwall, &c., p. 30), 
whatever the cause of this apparent passage may have been, it is very readily seen 
at Mullion Cove, at Pradanack Cove, at the coast west of the Lizard Town, and at 
several places on the east coast between Landewednack and Kennick Cove, more par- 
ticularly under the Balk, near Landewednack, and at the remarkable cavern and 
open cavity named the Frying Pan, near Cadgwith. It will generally be found that, 
at this apparent passage of one rock into the other, there is calcareous matter, and a 
tendency to a more red colour in the serpentine near its base than elsewhere. 

X The veins of diallagc rock in the serpentine between the rivulet in Coverack 
Cove and the pier at the village will repay examination. Some of them arc large 
grained, the crystals of diallage of considerable size, reminding the geologist of the 
larger-grained gahbro of Italy. 
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passes occasionally into a compound, in which hornblende also 
enters ; so that while in some places it appears a mixture of diallage 
and felspar, in others it more resembles one of hornblende and 
felspar. Eegarding a mixed mass of matter in which the propor- 
tions of the chief substances, silica, magnesia, lime, alumina, and 
oxide of iron, may be unequally disseminated, such changes may 
be readily appreciated, the conditions for the adjustment of the 
substances in crystalline forms being variable.* 

With respect to the serpentinous rocks in Anglesea and Caer- 
narvonshire, the relative and approximative dates are not so certain. 
At Porthdinlleyn, a rock, which has been commonly termed 
serpentine from its appearance, though not altogether agreeing 
with the usual varieties of that rock, has apparently traversed the 
chloritic and micaceous slates of that part of Caernarvonshire : but 
being only covered by a raised sea-bottom of comparatively recent 
geological date (p. 458), the time when this may have been 
effected remains doubtful, though an impression of its intrusion 
being even referable to the date of some of the older rocks of the 
district might exist. In its greenish and red colours, it much 
resembles the ordinary serpentines. The component parts are 
much gathered together in some situations in irregular nodules. 

Fig. 223. 



between which much red jasper is frequently found, "f* as in the 


* Looking at the principal ingredients in hornblende and diallage, as given by a 
mean of three analyses of the former by Gbschen, Bonsdorif. and Struve, and by a 
mean also of three analyses of the latter by Kohler, Regnault, and Von Kobell, the 
differences between these minerals would be as beneath : — 



Hornblende. 

Diallage. 

Silica . . . 

. 40*86 

52-00 

Magnesia . . 

. 13-54 

15-91 

Lime ... 

. 12-35 

19-59 

Oxide of Iron . 

. 14-54 

7-47 

Alumina . . 

. 15-96 

3-18 


t Judging from the frequency of jasper fragments of precisely the same kind in 
the superficial drift of the district, fragments of even several hundredweights being 
found (Aberdaron), there would appear to have been much destruction of rocks 
similar to that of Porthdinlleyn, perhaps of a softer kind, the jasper, from its hardness, 
being preserved and included amid the other hard detritus. 
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annexed sketch (fig. 223) taken towards the north-western point 
of the roadstead, where the dark portions represent the jasper, or 
other siliceous matter between the nodules, sometimes of large 
size. Of the serpentine in Anglesea, the aspect of which presents 
much the usual characters of that rock, though some of it may 
have been in a molten state when included among the beds where 
it is now found, other portions much remind the geologist of some 
mingling of calcareous and serpentinous matter, altered from the 
state of the original accumulation of their component parts. This 
may be the case with part of the serpentine at Cerig-moelion, as 
also at Rhoscolyn. There are also some appearances near 
Amlwch, amid the bedded rocks there found, as if certain of the 
contemporaneous beds had taken a serpentine character from the 
conditions for the adjustment of their constituent ingredients, to 
whicli the whole of the associated beds had been exposed, having 
been favourable to such a modification of parts. As to an accu- 
mulation of* serpentinous matter in the manner of the felspathic 
and hornblendic rocks so common in North Wales, contempora- 
neously with the Silurian deposits, there would not appear any par- 
ticular difficulty, since, even without supposing an outburst of 
serpentinous matter in the manner of volcanic ashes and cinders, 
(though why this may not also have happened does seem clear), 
the wearing away of serpentine rocks, formed at an earlier date, 
may readily have supplied the detrital materials for deposits, which 
when consolidated presented the character above mentioned. At 
all events this appears a mode of occurrence which it would be 
desirable that the observer should bear in mind, and the more so 
that in some other localities for serpentine in the British Islands, 
as, for example, in the county of Galway, there are some inter- 
laminations and other modes of occurrence of serpentinous and cal- 
careous matter, suggesting to the geologist that such mixtures may 
have been arranged in water, the accumulations subsequently acted 
upon so that the present structure of the rocks was produced.* 
This brings us to consider the chemical composition of the ser- 
pentines mentioned, viewed geologically. They are of very varied 
mixtures of a kind of base of silicate of magnesia with silicate of 
alumina, and occasionally of soda and potash, as also of* oxide of 


* An examination into the cliemical composition of some large pilasters of this 
serpentinous rock, in the Museum of Practical Geology, London, allowed that it was 
a mixture of silicate of magnesia and carbonate of lime, with minor quantities of 
oxide of iron and alumina. The interlamination of the cMef portions of tlie mixture 
is often most marked in parts of this rock. 
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iron. Water is likewise a marked ingredient. Amid all this 
variety, among which those serpentines may be included through 
which diallage may be disseminated (a compound common in parts 
of the Lizard district), more pure serpentine (as it is inferred) is to 
be found ; that is, the serpentine which has been often considered 
as a distinct mineral species (how far correctly remains to be de- 
termined), and which is a silicate of magnesia combined witli water, 
and a minor portion of oxide of iron,* Looking at the chemical 
composition of the common igneous product olivine, the observer 
finds that it also is essentially a silicate of* magnesia with oxide of 
iron, the presence of* water as an essential ingredient in serpentine 
being the marked difference between it and olivine, f This is an 
interesting circumstance, pointing to the very moderate modifica- 
tions of constituent parts which may produce mineral aspects of 
such a varied kind. Taken in the mass, the serpentine of the 
Lizard seems often a compound into which alumina enters as a 
marked ingredient, thus more resembling, in that respect, the 
substance named soapstone, occurring in veins in it, and whiph is a 
compound of silicate of magnesia and alumina. J As a substance 
also worthy of notice, since so frequently occurring in small veins 
in portions of the rock, asbestus should not be neglected, its com- 
ponent parts being apparently derived from the mass of serpentine 
amid which it is found. Though the minerals so named appear 
of varied chemical composition, and have been regarded as members 
of the hornblende family, the asbestus of the Lizard seems chiefly 
a, silicate of magnesia, more like the selected serpentine inferred to 
be a mineral species, without its water. 

Quitting this minor area, mentioned merely because the igneous 
products noticed may be tliere referred approximately to certain 

* The chemical composition of these selected portions of serpentine is inferred to be 
Mg^. Si^ + 211. 

t Taking the composition of the serpentine and of olivine from the 1.3 analyses of 
each by several chemists, such as arc given by Professor Nicol, in his Manual of 
Mineralogy, the similarity or ditfcrence would be as follows: — 


Serpentine. Olivine. 

Silica .... 41*99 41*92 

Magnesia . . . 40*24 46-67 

Oxide of Iron . . 3*38 10*75 

Water .... 12*68 


The small quantities of alumina, lime, soda, and carbonic acid, in a few of the 
selected serpentines, and of alumina, lime, and the oxides of manganese, tin, nickel, 
and chrome in some of the olivines are not here noticed. 

X According to Klaproth, a soapstone from the Lizard district, contained, silica, 4.5 ; 
alumina, 9*25; magnesia, 24*7; peroxide of iron, 1 ; potash, 0*75; and water, 18. 
Svanberg found in a soapstone from the same locality, silica, 46*8 ; alumina, 9 ; mag- 
nesia, 33*3 ; peroxide of iron, 0*4 ; lime, 0*7 ; and water, 11, 
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geological dates, and the localities can be easily visited, and passing 
to more extended and distant regions, the geologist will scarcely 
fail to be struck with the similarity of various igneous products 
in each, these being to a certain extent classified. Those which 
have been termed volcanic and extinct volcanic, with reference 
to the present time, have already been noticed as presenting certain 
marked resemblances in different parts of the earth^s surface. The 
same general resemblance will be found in those products in which 
tlie minerals of* the felspar and the hornblende families prevail, 
with or without an excess of silica (occurring as quartz), in various 
regions. Though their real modes of occurrence may not always 
have been properly ascertained in the numerous and different loca- 
lities, whence specimens and notices of them have been obtained, 
and though certain accounts of their manner of association with 
other rocks may require more attention to the methods of investiga- 
tion which the progress of knowledge now requires, there is^ 
nevertheless, frequently sufficient to show the great mineral resem- 
blance *of many of these igneous products in widely-distributed 
parts of the earth’s surface. Viewed chemically, there is yet much 
to be accomplished respecting them, particularly with regard to 
any modifications as to the prevalence of some simple substances 
more at one time than at another, as also more in certain regions 
than in others. Of the class of igneous products to which the name 
ffreenstone has been given — from that crystalline state wherein the 
constituent minerals, felspar and hornblende, are distinctly seen 
associated in variable proportions, to the rock wherein the matter 
of these minerals has not been exposed to the conditions fitted for 
itjs separate adjustment in that crystalline form — there are endless 
varieties. With an excess of silica, beyond that required for the 
silicates of the component minerals, syenite is produced, quartz 
being then distinctly added to the other two minerals. Again, it 
sometimes happens that while there is a granular arrangement of 
the felspar and hornblende, even occasionally with the addition of 
quartz, crystals of felspar are disseminated through the mass, 
forming a greenstone or syenitic porphyry ^ as the case may be. 
Some of the compact varieties, * termed compact felspar ^ have 
already been noticed (p. 572). Altogether the shadows and 
shades of modification have been found so numerous, depending on 
variations of chemical composition on the one hand, and on dif- 
ferent conditions for cooling on the other, that there has been a 
disposition to seek some term for the whole, which shall leave the 
exact composition of the rock open to description, while a kind of 



586 RESEMBLANCES AND DIFFERENCES BETWEEN THE [Ch. XXX. 


generic name is preserved. The name of trappean roch* has 
been somewhat adopted of late, particularly by British geologists, 
for this class of igneous products. It is one, no doubt, open to 
objection if regarded as a name to be preserved; but in the 
present state of knowledge, this or some other general term has 
its convenience as massing together certain products of a family 
character. 

This class of igneous rocks appears to be found amid accu- 
mulations of all geolo^cal ages, from the older deposits to the 
accumulations which approximate to the date of those amid which 
the basalts and associated products, previously mentioned (p. 402), 
arc seen, having been thrown out from some points on the earth’s 
surface, however these may have varied in position. Seeing that 
their mode of occurrence is such, even amid the old Silurian 
deposits, as to remind us of the products of modern volcanos, it 
may be inferred also as probable that from that geological date to 
the present time, rocks of* a similar kind have formed portions of 
the products discharged from igneous vents, similar to those now 
scattered over the surface of the earth. 

Looking at the granitic rocks as a class, they also are found to 
present a great family resemblance in different parts of the world^ 
though sharp distinctions between them and those previously 
mentioned cannot always be found, the one class passing into the 
other, especially when the hornblendic minerals are absent, in a 
manner resembling the modifications only of some general amount 
of given substances. When these minerals are present as is some- 
times the case, the chief chemical differences between such mix- 
tures and more ordinary granites, appear to consist in the abundance 
or scarcity of the silicates of lime and magnesia, these substances 
forming comparatively a small portion of the granitic rocks, viewed 
on a large scale, while they enter conspicuously into the composition 
of the hornblendic rocks.f Where the two classes are found 
passing into each other, it often becomes desirable to see how far 
the hornblendic rocks may have been previously thrown out and 


♦ This term has been derived from the Swedish word trapp, a stair, it having been 
once supposed that an arrangement in stair-like forms, on the largo scale, was 
characteristic of these rocks. 

t With reference to the difference or resemblance between granites and green- 
stones, as we have elsewhere remarked (Researches in Theoretical Geology, p. 397, 
1834), “ granites, no doubt, vary in their chemical composition, and so do greenstones, 
yet they always so differ from each other as masses of matter, that the one can never 
become the other from mere differences in cooling.’* If we suppose the felspar to bo 
of the ordinary potash kind, and a granite to be formed of two-fifths of such felspar, 
of two'fifths of quartz, and one-fifth of mica (containing fluoric acid), and a greenstone 
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consolidated, and have been remelted by the granitic rocks, so as to 
have thus formed an addition to their original molten mass, the 
whole, upon cooling, having its constituent parts so adjusted as to 
present the appearances observed. 

As a common character, the granitic rocks seem to be chiefly 
formed of silica and alumina, after which come, as principal ingre- 
dients, potash and soda, the latter sometimes more prevalent pro- 
bably than has been usually inferred. The silica and alumina often 
constitute 80 per cent, of the whole mass, thus leaving only 20 per 
cent, for the other substances. In cases where labradorite is the 
member of the felspar family present in granitic rocks, either alto- 
gether replacing other felspars, or associated with them, lime would 
form an ingredient of importance,* though silica and alumina would 
still constitute the most marked substances in such rocks. Suffi- 
cient examination has not yet been given to granitic rocks to show 
us the relative prevalence of soda, potash, or lime (in cases of 
labradorite), during the progress of geological time. Taking the 
granite vof Wicklow and Wexford, above noticed, it would appear 
that soda occurred in some fair abundance in the granitic rocks, 
protruded in that part of the world, anterior to the accumulation of 
the old red sandstone. 

As to the geological times when granitic rocks have risen 
through prior-formed, and usually disturbed, deposits accumulated 


to be composed of the same kind of felspar and an equal proportion of hornblende, 
the calculated differences may be taken somewhat as follows (Geological Manual, 
3rd Edition, p. 448-50) 



Granite. 

Greenstone. 

Difference. 

Silica .... 

74*84 

54*86 

19*98 

Alumina • , • 

12*80 

15*56 

2*76 

Potash .... 

7*48 

6*83 

,0-65 

Magnesia . « . 

0*99 

9*39 

8*40 

Lime .... 

0*37 

7*29 

6*92 

Oxide of Iron . . 

1*93 

4*03 

2*10 

Oxide of Manganese 

0*12 

0*11 

0*01 

Fluoric Acid . . 

0*21 

0*75 

0*54 


* The presence of lime amid igneous products, tliough it may there occur as a 
silicate, is interesting as affording the base of a supply for some, at least, of the 
calcareous matter required by animal life,, or distributed as ordinary limestones. 
However powerful silica may be, acting as an acid where heat, and especially great 
heat, is employed, at the lower temperatures it is comparatively weak. As for 
example, at great heats the silicates of potash and soda are readily formed, whether 
carbonic acid be present or not, but at low temperatures, solutions of the silicates of 
potash or soda are easily decomposed by the carbonic acid. So also with silicate of 
lime, if that substance were in contact, in the presence of water at a moderate tem- 
perature, with carbonic acid, it would be decomposed, forming carbonate of lime, and 
if the carbonic acid were in sul&cient abundance, bicarbonate of lime, ready to be 


removed in solution. 
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by the agency of water, they would appear to include all from the 
earliest, even to the production of comparatively recent beds of the 
tertiary series. Of the latter kind, Mr. Pratt has found instances 
in Catalonia.* Thus there is no conclusion to be drawn as to the 
relative antiquity of these rocks from the mere fact of their occur- 
rence in any paiticular locality. This has to be sought in tlie 
manner in wliich they may be foimd associated with other accumu- 
lations, the relative geological dates of which are determinable. 

The serpentines, also, and their not unfrequent associate diallage 
rock, seem to have appeared with somewhat common characters 
through a long range of geological time. They have been above 
mentioned as probably of* early date in Wales. In Cornwall, though 
not of equal antiquity, they are apparently still referable to the 
earlier geological times. In Ireland, also, lliey seem to have been 
formed at a remote geological period. Various lands show that they 
were not confined to those times, but became associated with accu- 
mulations of* less antiquity ; and in Italy, where there are many 
good opportunities of studying these rocks, they have been found 
amid deposits up to those of the tertiary times included, it being 
inferred that the rocks in that land which contain the fossils named 
nummulitea were, as pointed out by Sir Eoderick Murchison,t ac- 
cumulated at a time when the lower deposits of the tertiary scries 
were effected in several other parts of Europe. The occurrence of 
serpentine and diallage rocks amid the Alps, and among the various 
accumulations of the Jurassic and cretaceous series, usually cutting 
through them in Italy, and in the continuation of the same accu- 
mulations, eastward, in different localities into Asia, is a ma^^ked 
circumstance. These rocks were probably ejected from beneath, at 
various geological times, over the area of Europe, from the early 
fosslliferous deposits up to some part of the tertiary series included. 
So much of various parts of* the world remaining to be examined 
geologically, it would be premature to conclude that these rocks 
have not been ejected at more recent geological times in some 
localities. 

It has been seen that into the serpentines, magnesia enters largely, 
the relative amount of that substance being somewhat characteristic, 
as lime and magnesia combined, arc among the hornblendic rocks. 
It would not, however, be right to infer that silicate of magnesia is 
alone to be regarded, since the mixtures in which diallage is dis- 


♦ Pratt, MSS. 

t Journal of the Geological Society of London, vol. v., p. 157. 
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scminated and even prevails, show that other marked substances 
have entered into the composition of the mass when in a molten 
state. In such arrangements of parts of the compound, the ingre- 
dients needful for diallage have merely separated out from it under 
the fitting conditions, the lime, oxide of Iron, and alumina having 
probably been in a more disseminated state previously.* Sometimes 
the base of the rock, still termed serpentine, from its general aspect, 
and the diallage crystallized out from the general mass, appear of 
nearly the same composition.t 

Witli respect to the fusibility of the igneous rocks generally, they 
no doubt present considerable differences. At the same time, it is 
needful to bear in mind, that experiments upon them, in the con- 
dition in which we find them, do not exactly give us the measure 
of their fusibility when they were in a molten state. Prior to the 
adjustment of the parts of many into minerals of a definite kind, 
they must often have been far more fusible, as can be shown by again 
placing them under their old condition of a molten mass, producing 
the vitreous adjustment of parts, so that these definite compounds 
be not again formed.^ It hence becomes desirable to view the 
fusibility of these rocks, with reference to a complete mixture of all 
their constituent parts, anterior to the separation of any, or the 
whole of them into crystalline compounds. 

* M. Bcrthier found the diallage from I.a Spezia, a locality very favourable for the 
study of serpentine and diallage rock, to be composed of— 


Silica 47' 2 

Magnesia ....... 24*4 

Lime 13*1 

Protoxide of iron. .... 7' 4 

Alumina 3*7 

Water 3*2 


t According to Dr. Kohler (Thomson’s Mineralogy, &c., vol. i , p. 174), the 
composition of the diallage, and of the rock containing it at Harlzburg, is as 
follows : 

DiaUa{{e. Rock. 


Silica 43*900 42-364 

Magnesia 25*856 28*903 

Protoxide of Iron and Chromium 13*021 13* 268 

Protoxide of Manganese . . . 0*535 0*853 

Lime 2*642 0*627 

Alumina • 1*280 2*176 

Water 12*426 12*074 


X In experimenting upon the fusibility of igneous products, we have often found 
very considerable difference in that fusibility, after some ciystallized and compound 
rock had been formed into a glass, from that which it had exhibited when first 
acted upon by the same amount of heat employed. In the same manner, artificial 
glasses which have been melted and cooled slowly, so as to form a stony mass, 
or merely exposed to a temperature at which a certain crystallized arrangement of 
their constituent parts is produced, become more difficult of fusion than when in 
their first state. 
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If we are to regard certain of these rocks to have been ejected 
from volcanic vents in the manner of modem volcanos, it seems also 
needful to consider that they have been accompanied by outbursts 
of vapours and gases, sublimations of different kinds having taken 
place at those different times as now. As a substance very common 
among the compounds of felspar and hornblende, even of those con- 
temporaneously thrown out amid the older fossiliferous rocks, sul- 
phur combined with iron is very common, indeed, sulphuiet of iron 
is often a marked ingredient among those which are commonly 
termed greenstones. Not, however, that it is confined to them, 
for the more felspathic products often aL^o contain it.* 

Amid the various modifications and changes of structure to which 
the deposits associated with certain igneous products h. /c been 
often subjected, it is to be expected that the latter having been 
exposed to similar conditions, would, in like manner, have their 
parts also much modified- Indeed, those igneous products which 
have been vcrsicular, show, by the various mineral substances 
found in them, that mineral matter has often been in movement in 
proper solvents, and passing through its pores, had adjusted itself 
in the cavities of the versicular rock as definite mineral compounds. 
Numerous soluble substances, once disseminated amid the general 
mass of such rocks, may readily have been transported elsewhere, 
and aid in forming, by new combinations, less soluble substances. 
Thus many are found disseminated amid modern volcanic products, 
which, assuming that they were once disseminated amid those of 
ancient times, would scarcely be now detected in the latter. As 
regards the conditions to which igneous rocks of ancient geological 
date may have been exposed during the lapse of time, it would 
scarcely be expected, when they may have been subjected to the 
influence of long continued heat, from any depression to considerable 
depths, especially beneath a thick covering of other deposits, that 
any obsidians would preserve their vitreous character, such disap- 


* It sometimes happens that iron pyrites is found in prior-formed deposits of 
ordinary detrital matter, adjacent to protrusions and dykes of these igneous rocks, in 
such a manner, as if either the sulphur, or sulphur and iron had been derived from 
them. A good example of this mode of occurrence may be seen at Bettws Disserth, 
on the north of Builth, South Wales, where spheroidal pieces of iron pyrites occur in 
a Silurian slate adjacent to some homblendic rocks; these spheroids somewhat 
abundant in places, and the slate having all the appearance of having been altered 
by the intrusion of the igneous rock. At the falls of the Wye, near Builth, much 
iron pyrites is also seen at the contact of some igneous rocks intruded among slates, 
in like manner altered, certain fossils in them being likewise coated with the same 
mineral near the contact of the two rocks, though this is not observed at a short 
distance from it. 
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pearing from the usual causes productive of devitrification^ the 
component substances taking a stony form. 

As to the minerals which appear, as it were, additions in different 
localities to the general masses of granite, and even to those rocks 
where hornblende and felspar chiefly constitute^ the component 
minerals, they are often very various, and, as M. Elie de Beaumont 
has remarked with respect to granite, much distributed outride 
their masses.* While they are often merely some other arrange- 
ments in different proportions of the simple substances contained in 
the general mass, f at others, they appear as if in some manner the 
result of an addition derived from the rocks, against which the 
molten mass has been thrown, and thus formed during the long conti- 
nuance of those conditions (among which great heat is prominent) 
that have prevailed after the uprise of such igneous rocks in different 
localities. Among these minerals, garnets of different kinds may 
be remarked, as occurring as well in the igneous as in the prior- 
formed, and subsequently modified rock, against which the former 
has been thrust. When we consider the various substances which 
analyses seem to show are, as it were, entangled amid those consti- 
tuting the chief mass of the igneous matter ejected, J it would be 
anticipated that when these were relatively abundant, and could 
make their own adjustments more freely, less controlled by the in- 
fluences of those forming the chief minerals, compounds would be 
effected of a definite kind and be separated from the main mass. 
Thus, occasionally, mixtures would be formed of more than the 
usual substances, even constituting masses of importance in parts of 
the earth’s surface, where, though the usual free silica and silicates 
of ordinary granite and other compounds were still the most pre- 
valent substances, others are present, giving a somewhat modified 
character to the general rock. 

With respect to the occasional component parts of granitic 


♦ Sur les Emanations Volcaniqucs et MetalUferes. Bull, de la Soct Geol. de France, 
2nd sene, t. iv. (1847). 

t In talc, a mineral sometimes associated with others in granites, we seem to have 
magnesia in a certain relative abundance, separating itself from a main mass in which 
it may usually have been a subordinate substance, talc being essentially a silicate 
of magnesia. Its formula is considered to be 3 M ri + Mg® Si*. 

X M. Elie de Beaumont, in his table of the distribution of simple substances in nature 
(Bulletin de la Soc. Geol. de France, 2nd serie, t. iv.), considers the, following to be 
found in granite, viz. Potassium, sodium, lithium, calcium, magnesium, yttrium, 
glucinium, aluminium, zirconium, thorium, cerium, lanthanium, didymium, uranium, 
manganese, iron, cobalt, zinc, tin, lead, bismuth, copper, silver, palladium?, osmium, 
hydrogen, silicon, carbon, boron, titanium, tantalum, nobium, pclopium, tungsten, 
molybdenum, chromium, arsenic, phosphorus, sulphur, oxygen, chlorine, and fluorine. 
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rocks, chlorite should be mentioned as one of some importance, 
inasmuch as while it shows a modification of the mixture and 
relative proportions of some of the ordinary constituent ingredients 
of granitic minerals, silica, alumina, magnesia, oxide of iron, and 
oxide of manganese, it also points to water as an essential ingre- 
dient, When disseminated, therefore, among granitic rocks, as it 
is in the Alps, Scandinavia, and some parts of the British Islands, 
chlorite becomes a combined mineral of no slight interest, from the 
addition of water to the other substances present.* 

As respects the various mineials, which are, as it were, ad- 
ditional to tliose usually constituting the mass ol* the chief divisions 
of the igneous rocks, not only has the dispersion, in variable pro- 
portions, of other substances than the usual ingredients to be re- 
garded, considering these likewise in their greater or less local 
proportions, but also the additions which may be derived from the 
melting of parts of prior-consolidated accumulations, even of those 
thrown down from solutions in water, and fused by the intrusion 
of the igneous rocks. Though the chief portions of the ordinary 
detrital deposits are but abraded parts of previously-consolidated 
igneous rocks which have been worn away, and then dispersed as 
above noticed (pp. 63 — 101), this has been most frequently so 
accomplished that a remelting of the deposits thence formed, 
would not reproduce the original rock, the various parts having 
been separated mechanically into different beds, and decomposition 
having deprived certiiin of even the separated substances of por- 
tions of their original ingredients. With respect to the latter, for 
example, should the silicates of soda or potash have been removed 
in solution, as has often happened, from a felspar of which they 
once constituted a part, the matter again fused might not contain 
any of those silicates, so far as the felspar is regarded, silicate of 
alumina being then the prevailing substance.f Igneous matter, 
the usual granite compounds, for instance, melting limestone rocks, 
the lime might be introduced into the molten mass, and the carbonic 
acid being thrown off, the silicates of lime be formed, ready for 
combination in other minerals than those resulting from the mass of 
the granite, as it rose from beneath. So also with dolomite, which 

* Taking various analyses, from 10 to 11 per cent, of water enters into the com- 
position of chlorite. The formula for chlorite is considered to be (Mgs Si + 3 R Si) 
+ 9]Vigli. 

t This substance constitutes the base of the clays employed in the manufacture of 
porcelain, and which are formed from decomposed felspars in districts where that 
mineral has been distributed in sufficient abundance. 
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could thus furnish not only the lime, but also the magnesia for the 
production of* hornblende, should the other ingredients of* that 
mineral be near and not drawn elsewhere. In this manner it will 
be obvious very material additions may be made to an original and 
general mass of rocks in a molten state. 

There appearing so much of a general character in the various 
igneous products of different geological times, to call the attention 
of* an observer towards some general cause, which, though much 
modified under certain circumstances, has yet always exerted an 
important geological influence, he has carefully to consider the 
subject, so that, while a proper and close attention may be given to 
local sources of modification, the great cause of these igneous pro- 
ducts, taken as a whole, be not neglected. Whatever may have 
, been the conditions under which substances were probably ejected 
in the manner of modern volcanos in past geological ages, from 
time to time molten matter of a very common general character 
seems as if always ready to have been upheaved, in larger masses, 
whenever there were great disruptions of prior-formed accumula- 
tions on the earth's surface. Thus, while the minor and perhaps 
modified manifestations of the conditions for throwing out igneous 
substances generally, were constant in different points of the earth’s 
surface for the time being, these substances mingled with the ordi- 
nary accumulations of the day, from time to time a greater amount 
of molten matter was upheaved, lifting such igneous products as 
*well as their associated sedimentary deposits, as if the former 
action, however intense, was but superficial as compared \vith that 
from which the more wide-spread and important movements were 
derived. Be this as it may, the igneous products form objects of 
the greatest interest, whether regarded as the source whence so 
large a proportion of the detrital accumulations are derived, for 
the modifications they have so frequently effected in the deposits 
against or amid which they have risen, or been protruded, for the 
differences and resemblances they exhibit among themselves, or for 
the proof they afford that during the long lapse of geological 
time of which we can obtain traces, and up to the present day, 
there have been conditions for uplifting mineral matter in a molten 
state, that matter chiefly composed of the oxides of a few simple 
substances — two of them especially (sodium and potassium) — being 
not only remarkable for their comparative lightness, but also for an 
avidity for oxygen so great that they will decompose water in order 
to obtain it. 
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CONSOLIDATION AND ADJUSTMENT OF THE COMPONENT PARTS OF ROCKS. — 
ADJUSTMENT OF COMPONENT PARTS OF CALCAREO-ARGILLACEOUS DE- 
POSITS. — ARRANGEMENT OF SIMILAR MATTER IN NODULES. — CENTRAL 
FRACTURES IN SEPTARI A. — NODULESOF PHOSPHATE OF LIME. — SPHEROIDAL 
CONCRETIONS IN SILURIAN ROCKS. — CRYSTALS OF IRON PYRITES IN CLAYS 
AND SHALES. — MODE OF OCCURRENCE OF SULJ’IiATE OF LIME. — MODIFI- 
CATION IN THE STRUCTURE OF ROCKS FROM CHANGES OF TEMPERATURE.— 
CHLORIDE OF SODIUM DISSEMINATED AMONG ROCKS. — IMPORTANCE OF 
SILICA AND SILICATES IN THE CONSOLIDATION OF DETRITAL ROCKS. — 
ALTERATION OF ROCKS, ON MINOR SCALE, BY HEAT. — FORMATION OF 
CRYSTALS IN ALTERED ROCKS. — CRYSTALLINE MODIFICATION OF ROCKS. — 
ALTERATION OF ROCKS NEAR GRANITIC MASSES. — READJUSTMENT OF 
PARTS OF IGNEOUS ROCKS.— PRODUCTION OF CERTAIN MINERALS IN 
ALTERED ROCKS.— MINERAL MATTER INTRODUCED INTO ALTERED ROCKS. 
— MICA SLATE AND GNEISS. 

When tlic gravels, sands, silts, clays, or mud of various geological 
times are presented to the attention of the geologist in the form of 
conglomerates, sandstones, arenaceous and argillaceous slates and 
shales, their component parts, originally drifted, or otlierwise 
borne into the relative situations where they are now found, have 
either been joined together by mineral matter, subsequently intro- 
duced among them, or by a change in the condition of some part 
or parts of the original deposit which should permit such portions, 
in an altered form, to cement the remainder. With carbonate of 
lime, the oxides of iron and manganese and occasionally with 
silica, as substances cementing fragments of rocks, cither angular 
or rounded, on hill sides or other subaerial localities, where springs 
containing and depositing those substances occur, we may consider 
the observer as familiar. That various breccias, conglomerates, and 
even sandstones so formed, occasionally constitute parts of a scries 
of geological products, may be considered probable. It is easy also 
to infer that during geological changes, gravels, sands, and mud 
constituting the margins and bottoms of lakes and seas, may be so 
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placed beneath isolated portions of water, to which the access of 
rivers or streams may be insufficient to meet the loss by evapora- 
tion, that certain substances held in solution may be slowly de- 
posited amid such subjacent gravels, sands, or mud, so as to pro- 
duce modification, change, or even consolidation of various kinds 
in them. 

Independently, however, of these effects, the observer will have 
to direct his attention to modification, change, and consolidation of 
a far more general kind, and for which some more general cause 
appears to be required. He will, in the first place, have to dismiss 
the view that the relative age of rocks is alone a sufficient cause 
for the effects noticed; though, taken as a whole, the relative 
geological age of deposits is so far important, that, other things 
being the same, there may be a greater chance of the older rocks 
being consolidated or modified in their structure, inasmuch as they 
may have been more exposed, during the lapse of time, to the 
causes productive of such consolidation and change. 

It may, in the first place, be desirable to consider the modifi- 
cation of parts which might arise in a bed or mass of mud, or clay 
after its deposit, the component parts of such mud or clay being 
variable. We may take, by way of illustration, those alternations 
of argillaceous limestones and shales, often calcareous, which are 
observable in the lias of some parts of Western Europe, and which 
appear the result of an unequal supply of mud and calcareous 
matter, sometimes the one and sometimes the other predominating. 
Examples of irregular deposits of this kind must not, however, be 
considered as confined to any particular age, since among the older 

Fig. 224. 



as well as newer geological accumulations, this kind of deposit may 
often be found. The above (fig. 224) may be . taken as illus- 
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trating alternations of this kind, the surfaces of the beds being 
irregular. 

In itself such a section may merely present us with the evidence 
of alternating conditions, by which carbonate of lime was more 
thrown down at one time than at another, though, with care, forms 
of the surfaces are often traced which would seem to point to an 
abstmetion of calcareous matter from the adjacent original clays or 
mud ; a circumstance which becomes more evident where the cal- 
careous matter in the general dc}X)sit has decreased, and many 
irregular patches of the argillaceous limestone, and nodules of it, arc 
arranged in lines or are more dispersed through the deposit, as 
shown in the subjoined section (lig. 22.o). In sucli cases the cal- 


Fig. 225. 



carcous matter of given times of deposit, irregular like those where 
whole sheets of argillaceous limestone were produced, seems gathered 
to different points in or about the same plane, that upon which the 
general deposit was accumulated, the matter arranged round these 
points, thus variously dispersed on the plane, so that two or more 
nodules may be joined together while others remain isolated. This 
gathering together of similar matter distributed through a soft 
muddy or clay mass, would be anticipated, and the more so, when 
we remember the manner in which similar matter may be gathered 
together from solutions, dragged away, as it were, forcibly to points 
where some of it may have been first deposited, as noticed by Pro- 
fessor Bunsen (p. 375). 

Facts of this kind are as well seen among the carbonates of iron, 
of so much value in the coal measures of the British Islands, as 
amid the accumulations above noticed ; and they, in like manner, 
point to a separation of the carbonates from the muddy mass, and 
for the most part, in planes corresponding with the relative times 
of their original deposit in the general accumulation, one chiefly 
dctrital, and thrown down from mechanical suspension. It occa- 
sionally happens that this gathering together of similar matter from 
amid a mass through which it was originally dispersed, usually in 
certain planes and thicknesses, can be seen to have taken place so 
that a certain original lamination of parts is not destroyed. Instances 
of this kind are to be found in one or two of the ranges of nodules 
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in the lias of Lyme Regis, Dorset, where, as beneath (fig. 226), 
these are seen still preserving the lamination of the general deposit; 


Fig. 226. 



an arrangement of parts easily ascertained by breaking the nodules 
in this plane. In these nodules some organic remain, such as a fish, 
nautilus, ammonite, or a piece of wood, not unfrequently seems to 
have formed a point around which the carbonate of lime was aggre- 
gated, though this has by no means been always the case, since 
some arc occasionally found without organic remains, or only con- 
tain them in a dispersed state. 

Snell aggregations and separation of parts are at the same time a 
modification of the original deposit, and a partial consolidation of 
it. As a proof that the mass was soft when the nodules were 
formed, it will be often found that while the same kinds of organic 
remains, and especially thin shells, are flattened, in the same planes, 
in the associated and adjoining clays, marls, or shales, they are com- 
paratively well preserved, uncompressed, in the nodules, the con- 
solidation of the latter having protected them from the pressure 
to whicli those had been subjected in the remainder of the deposit, 
then in a yielding condition. 

With regard to the relative time and mode of consolidation of the 
nodules, the observer may be frequently enabled to study it in those 
commonly known as septaria, where, after the aggregation of the 
similar matter, such, for example, as the carbonate of lime in many 
clay or shale deposits, and the carbonate of iron in the coal measures 
and some other rocks, a splitting of the interior has taken place, and 
subsecpicntly to a certain amount of consolidation, since the fractures 
arc \isually sharp, pointing to a sufficient amount of cohesion of 
parts. The subjoined section (fig. 227) will show the ordinary 


Fig. 227. 



manner in which such nodules are broken in the interior, the cracks 
not extending to their exterior surfaces, as if there had been a 
shrinking of parts from the centre outwards, so that the resulting 
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largest openings were central. In the nodules of this kind, not 
uncommon in many clays, marls, and shales, the cracks are usually 
filled according to the character of the general deposit ol* which the 
nodules constitute a part; thus carbonate of lime is frequent in 
those where that substance is much disseminated, and carbonate 
of iron where tlie latter is not uncommon. Occasionally other 
substances are introduced, such as, in the ironstone nodules of many 
parts of the British Islands, the sulphurets of lead, zinc, and iron, 
copper pyrites; and certain other minerals. 

Nodules and other formed bodies of phosphate of lime, also 
sometimes occur in a manner pointing to the aggregation of their 
component parts from previous dissemination amid surrounding 
detrital deposits. Many of the nodules and other forms of phos- 
phates of lime in the lowcu* parts of the cretaceous series of south- 
eastern England and in parts of France, seem thus produced. ^Ir. 
Austen has informed us,* tJiat the nodules he examined had a con- 
centric arrangement ol* parts, like agates, and he points to the pro- 
bability that the phosphoric acid may have constituted part of the 
i.'ioal or coprolitic matter accumulated with other organic bodies, 
at the period of the original deposit, and had been disseminated, 
among the sand and ooze of the locality and time. Modern re- 
searches have shown that phosphate of* lime is far more diffused 
among rocks than was at one time supposed. When free carbonic 
acid is present in water, the phosphate of lime is, like the carbonate, 
soluble, though not to the same extent as the latter ; so that con- 
ditions may readily arise not only for its dissemination, but also for 
its aggregation into various forms amid rocks through which its 
particles could move. Not only waters impregnated with free 
carbonic acid, in the usual manner, would afford the common 
means of transport for such particles, but also, in the cases referred 
to by Mr. Austen, for the mixture of coprolitic with vegetable 
matter, the decomposition of the latter, and often, indeed, of the 
faecal matter itself, might produce the carbonic acid needful in the 
required solu'don. 

The association of similar matter in nodules, is also sometimes 
well seen amid deposits of siliceous sands, these aggregated so that 
the nodules protrude as marked objects on weathered banks or cliffs. 
Sometimes the nodules arc dispersed among the arenaceous accumu- 
lations, while at others they range in certain general planes, corre- 
sponding with those of deposit, and thus, in their mode of 

* Journal of the Geological Society of London, vol. iv., p. 257, 1848. 
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occurrence, resemble the nodules of the carbonates of lime and iron, 
above mentioned. In certain of the arenaceous deposits the 
cementing substance of the nodules is occasionally calcareous, 
apparently aggregated from that matter once more dispersed amid 
the sands, and deposited amid the grains from solution, as a 
bicarbonate. The oxides and hydrated oxidea of iron are also 
observed gathered in nodules, either dispersed or in planes, aggre^ 
gating portions of sands. 

Even amid the older detrital accumulations with which geologists 
have become acquainted, this structure is observable. The separa- 
tion of calcareous matter into nodules from among the component 
parts of an original mud deposit, can be as well seen in the old 
series of rocks, known as Silurian, such as in portions of the 
Wenlock shales and limestones of that series, as it occurs in parts 
of Wales and the adjoining English counties, as in far more modem 
geological accumulations. So also with the aggregations of siliceous 
matter in the nodular or spheroidal forms, showing that similar 
conditions for these arrangements and adjustment of parts have 
continued to prevail through a long range of geological time. The 
following section (fig. 228 ) of part of the upper portion of the 


Fig. 228. 



Silurian series (Ludlow Eocks) of Brecknockshire, to be seen at a 
considerable development of that portion, in Cwm-ddu, near Llan- 
gammarch, will exhibit the arrangement of parts of this arenaceous 
rock, in certain beds, in a spheroidal form ; layer after layer, as 
the decomposition of the rock shows, having been aftanged round 
somewhat central points of aggregation dispersed in certain lines of 
beds. Aggregations of this kind occasionally measure many feet 
in diameter. Such aggregations are sometimes only to be detected 
on the face of rocks by lines arising from the stains of peroxide of 
iron, which, when followed out, are found to correspond with 
spheroidal surfaces. 

When, geologically, these adjustments of the parts of deposits 
may have been effected, it is not easy to infer, since, in the instances 
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of those in the older accumulations^ they may have been produced, 
as many of those in certain more modern accumulations are seen to 
have been, before the solidification of the sandy portions around 
the spheroidal aggregations and nodules, the whole of tlie bed, or 
beds, having been submitted to further conditions for consolidation, 
after the separation of certain portions of them into such aggrega- 
tions of similar matter. 

There are certiiin other separations of* the original portions of a 
deposit, where the particles have possessed such free movement 
and powers of adjustment, that they have been enabled to gather 
themselves into crystals. Of this the crystals of the sulpliurct of 
iron amid the mud deposits of all geological ages is an example, as 
also the crystals of sulphate of* lime in numerous clays. Cubes and 
other forms of iron-pyrites are as common amid the oldest fine sedi- 
mentary accumulations, occurring in a manner to leave little doubt 
of the aggregation of their component particles from the mud in 
which they were diffused, as among the clays of tertiary deposits. 
That iron-pyrites should be gatliercd round organic remains in 
rocks of different ages, particularly in those, such as have been mud 
and clays, where the movement of its component particles may be 
inferred to have been, as in the case of the crystals above noticed, 
somewhat easy, would be anticipated, inasmuch as the production 
of iron-pyrites in connexion with decomposing animal matter is 
well known.* Thus we frequently find the sulpliurct of* iron 
incrusting organic remains, as crystals, and in more irregular 
lumps and patches, particularly amid clay and shale accumu- 
lations. 

Eegarding sulphate of lime, irrespectively of its distribution in 
crystals, as selenite, amid clays and shales, it often constitutes 
considerable nodules, and dispersed irregular masses, as if, inde- 
pendently of original deposit, or change f'rom the carbonate by the 
introduction of sulphuric acid amid particles of limestone, it had 
separated out from the body of the rock, and became aggregated 
amid a soft muddy deposit, thrusting aside the latter. Certain 

* Mr. Pepys, in 1811 ('rransactions of the Geological Society of London, 1st series, 
vol. i.), was among the first to publish a very illustrative case of the production of 
iron-pyrites from the decomposition of the bodies of some mice in a solution of 
sulphate of iron. Another illustrative instance of the formation of iron-pyrites upon 
animal matter fn a decomposing state, occurred at the bottom of a mine-shaft near 
Mousehole, Cornwall, where a dog had fallen into a solution of iron, and its body was 
found surrounded by iron-pyrites. In these, and other well-known cases, the hydrogen 
evolved from the decomposition of the animal matter, is considered to take the oxygen 
both from the sulphuric acid and oxide of iron, so that iron-pyrites, or bi-siilphurct 
of iron, is formed. ^ 
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nodular portions so occur in particular lines, tliat We may suppoise 
them to have been produced much in the same way by segr^tion 
as the nodules of the carbonates of lime and iron, above noticed. 
At the same time beds of gypsum, both on the large and small 
scale, also so occur ami^ clays, marls, and shales, especially well seen 
amid portions of the red and grey marls of the upper new red 
sandstone series, or trias, that there is much difficulty in deciding 
as to the probability of their original production from solutions, 
amid the clays or mud, in a manner similar, as regards general 
principles, to that noticed by Professor Bunsen, or partly in that 
manner, and partly by segregation into veins formed subsequently 
to the general accumulation and its partial induration. The section 
beneath (fig. 229), seen at Watchet, Somersetshire, amid the marls 
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of tlie trias, will illustrate a mode of occurrence of not an uncommon 
kind, wherein beds of gyp^jum a, a, a, are xmited by strings of the 
same substance traversing the intermediate marls 5, in various 
directions, and having somewhat the appearance of cracks filled, 
inasmuch as the fibrous gypsum in them has the fibres usually at 
riglit angles to the walls of the containing marls, as if crystalliza- 
tion had taken place against those walls. No doubt this appearance 
may be deceptive, but at all events, it becomes an interesting object 
of inquiry, to ascertain how far, under such modes of occurrence, 
the evidence may be in favour of an original separation and deposit 
of the sulphate of lime, contemporaneously with the matter of the 
marls, or of a segregation of, at least, part of the same substance 
into veins, from a dispersion of the sulphate of lime amid the body 
of the accumulation. • 

When the observer reflects upon the different conditions, to 
which the various deposits in seas and bodies of fresh water may 
have been subjected, posterior to their original accumulation, he 
will not tail to appreciate the modifications which the whole mass 
of many may have sustained. The mere change from being super- 
ficial, on the bottoms of seas and other bodies of water, to being 
buried beneath many, and sometimes varied additional accumu- 
lations, is alone a condition imder which new adjustments of parts 
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may arise, and tins without a change in the relative distance 
between the surface of the sea, or other waters, and the deposit 
itself. ' Should the accumulation abeweit be thick, change's (p. 444) 
arise in its temperature, with their consequences as regards the 
motion of aqueous solutions distributed through beds of dlllerent 
degrees of porosity. 

The geologist should direct his attention to the still greater 
causes of modification and change which would follow the sinking 
of such deposits, as regards the crust of the earth, when they de- 
scended into comparatively elevated temperatures, so that their 
component parts, and the various solutions with which they may 
be moistened, become affected by that temperature. The springs 
which issue from various rocks, and for which the supply is derived 
by the simple percolation of atmospheric waters through porous 
beds of different kinds, until thrown out by less pervious beds 
(p. 16), suffice to show the amount and kinds of substances soluble 
under such conditions, and which remain in the various deposits 
effected beneath the sea or other waters, after many of these ^accu- 
mulations have been more or less solidified, and raised into the 
atmosphere, where they now constitute portions ol‘ land above the 
level of the sea. In the various borings or sinkings lor mine-shafts, 
the driving of extensive tunnels and levels, and in wells of various 
kinds, especially of those termed artesian, he has also the oppor- 
tunity of ascertaining tlie soluble contents of' tlie waters which may 
be disseminated among tlie rocks traversed ; and where such waters 
may be considered as in a somewhat stagnant state, except so far as 
movement through any fissures, joints, and the pores of the rocks 
themselves, may be induced by differences of temperature from the 
surface of the earth downwards towards the interior. There does 
not exist so much exact inlbrraation as to the substances in solution 
among the waters disseminated amid rocks in this manner as is 
desirable ; neither are the soluble contents of the various waters 
rising through faults on the surface of the ground, or flowing up at 
the bottoms of mines, with a temperature sufficiently elevated to 
render it probable that they rose from greater depths, so well known 
as is required for properly estimating the amount and kinds of 
substances, which may be thus circumstanced ; but there still exists 
sufficient knowledge on the subject to show the observer the value 
of investigations in this direction. 

The waters rising from the chalk at the artesian well in Trafal- 
gar- square, London, and which are obtained from their dissemina- 
tion in that rock, show, that in 68*24 grains of solid matter in an 
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imperial f^allon, 18 grains arc composed of carbonate of soda; while 
the carbonate of* limfi contained among the solid matter above men- 
tioned, only amounts to 3‘255 grains ; and thus the waters resting, 
to a certain extent, stagnant in the chalk beneath Ijondon, with its 
thick cove ring of (London) clay, exhibit a very different character, 
as to tlic substances in solution, from that of the spring waters 
wliich flow out of the chalk on the surface, where that rock 
arrives at or adjoins it.* 

Among the various substances found in solution, either dissemi- 
nated among the pores of rocks, or which become, as it were, 
washed out of them in solution, by waters percolating through 
them and issuing as springs, the observer will do well to recollect 
the amount of chloride of sodium so often obtained. That it should 
be a somewhat abundant substance would be expected in deposits 
of mud, silt, sand, and gravel effected beneath the sea ; as also that, 
when such accumulations were elevated into the atmosphere, and 
rain-waters found their way to the chloride of sodium, it should be 
removed by any springs thence resulting. It will be seen that in 
the waters disseminated amid the chalk beneath London, this 
substance was found to constitute somewhat more than two-sevenths 
of the whole solid contents obtained from it.t Looking at chloride 
of sodium alone, and its dissemination among beds of quartz or other 
siliceous sands, and tlie descent of the whole to some very elevated 
temperature by depression of the earth’s surface in any given region, 


* The followinj' are the substances contained in an inuierial gallon of the waters 
of the 'frafalgar-siiuare well, according to Messrs. Abel and Rowney ; — 


(^arbonatc of lime 

Grams. 

. 3*25.') 

Phosphate of lime 

. 0*034 

Carbonate of magnesia . 

. 2*254 

Sulphate of potash . . 

. 13-671 

Sulphate of soda . . . 

. 8*749 

Chloride of sodium . . 

. 20*058 

Phosphate of soda. . . 

. 0*291 

Carbonate of soda . . 

. 18*049 

Silica 

. 0*971 

Organic matter . . . 

. 0*908 


In the cases of soluble mineral matter disseminated in rocks, such as the chalk 
beneath London, it should be borne in mind, that when there is a movement of the 
contained water among their pores or fissures to supply that raised to the surface by 
pumping, or rising from boring and overflowing, the original condition of somewhat 
stagnant dissemination becomes changed by the amount of the water thus required, 
so that when many wells reach into the chalk, as beneath London, a movement of 
water amid the body of that rock is occasioned towards the various wells, which would 
not liave taken place under ordinary natural circumstances. 

t As sea, or rather estuary waters, arc inferred partly to percolate into the chalk 
beneath London, some caution is needed as to tlie source of all the chloride of sodium 
in the clialk so situated. 
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some effect might be anticipated from the production of a silicate 
of soda, aiding a consolidation of the sands, in the same manner as 
a salt glaze is produced by the potters. 

While studying the variable amount of consolidation of rocks, 
the geologist cannot fail to have his attention arrested by the dif- 
ferent states, in this respect, in which he sometimes finds the beds 
amid a series of deposits, grouped together, and wliich have 
evidently been subjected to the same general conditions. It would 
strike him, probably, that the original condition ol‘ the deposits 
could not fail to produce marked differences in this respect. He 
would anticipate that a bed of pure quartz sand, unmingled with 
other and muddy matter, miglit, if cemented by somewhat pure 
silica, form a substance of a liardcr and more solid kind tlian when 
ordinary sand was deposited, mingled with a certain portion of 
mud, or when the grains were composed of* diilereiit substanci so 
that they could be variably acted upon by the matter forming the 
cement. In the one case, there may be a rock, commonly known, 
from its composition, as quartz-rocky wherein it is sometimes^ even 
difficult to trace tlie original grains of sand, their surfaces having 
been more or less acted upon by the mode in which the infiltration 
of the cementing silica has been eficctcd while in the other, a 
sandstone of the ordinary amount of consolidation has been alone 
produced. The occurrence of certain quartz rocks among tlic 
accumulations of all geological ages, and amid other and contem- 
poraneous beds, can be often well studied ; and sometimes the 
passage of an ordinary sandstone bed into a quartz rock can be easily 
traced. Of tills, a quartz rock, amid the new red sandstone series 
near Bridgend, Glamorganshire, may serve for an example, as the 
same bed can be readily followed from its ordinary sandstone cha- 
racter on the north of the town, to that of quartz rock on the road 
to Pyle Inn. Changes of a similar kind are sufficiently common in 
the course of numerous rocks, as well in single and marked beds, 
as in numbers of them collectively ; and the observer will, no doubt, 
have to seek for the causes of these differences as well in the 
imequal or variable supplies of the cementing matter, according to 

* The arrangement of parts in certain of these quartz rocks is sometimes such that 
it requires very careful examination, and even occasionally a thin slicing of a part, so 
that it can be studied through transmitted light, in order to distinguish the original 
grains of quartz sand, the cementing and external parts of these grains having become 
so much blended. For the most part, however, the detrital origin of the quartz grains 
is sufficiently evident. In examining these rocks, as they are often traversed by veins 
of quartz, it is needful carefully to distinguish between the latter, which are merely 
the ordinary infiltrations of silica into cracks and fissures, from the body of the rock 
itself, a circumstance tliat has not always received attention. 
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subordinate local influences, as among tbe different original com* 
positions of continuous deposits; the latter often, nevertheless, 
appearing a sufficient cause, in the same way that, in a series of 
beds, wherein varieties of this kind are very striking, much original 
differences are apparent. Certain hard quartzose beds beneath 
others of coal, between Swansea and the Mumbles, maybe taken in 
illustration of a probable change effected by the introduction of 
silica, or some silicates, after their original deposit. In these beds, 
the roots of a plant {Stigmarid)^ existing when the coal measures, 
of which they constitute a portion, were accumulated, once as 
freely grew, spreading out their finest parts in the evidently 
yielding ground of the time (p. 501), as in any other of the 
similarly-circumstanced beds of the same district supporting seams 
of coal, and known as under-^clays (p. 510), though now they are 
bound up in a hard siliceous rock, upon which atmospheric 
influences have as little action as on ordinary quartz rocks, the 
original silty and loosely-aggregated substance of the beds being 
converted into a hard quartzose substance. 

Looking at the mass of detrital matter, more or less consolidated 
by silica or the silicates, the study of the manner in which this 
may have been effected by them, becomes a matter of no slight 
interest to the geological observer. He finds silica in a pure or 
nearly pure state in cavities of various rocks, especially of those of 
igneous origin, wherein hollows and vesicles have been left, it being 
seen more or less filling such cavities with agates, onyxes, chalce- 
dony, and rock crystals, and he can have little doubt that this 
silica was introduced into the hollows and vesicles by infiltration 
and in solution. Indeed, the stalactitic forms of the silica often 
sufficiently show this, certain agates, as is well seen upon their 
decomposition, being merely forms of this kind eventually filling 
hollows. At other times, the layers of tlie siliceous deposits occur 
in planes, apparently horizontal at the time they were effected. 
These modes of occurrence show him that silica lias been, and can 
be, disseminated amid the pores of rock, often hard ’and (so called) 
compact, its particles finding their way for deposit in a pure or 
nearly pure state into the vesicles and cavities of such rocks. 

In investigations of this kind it will be desirable that the observer 
should bear in mind that certain silicates are not difficult of decom- 
position, as, for example, those of potash and soda, when free car- 
bonic acid may be present. Upon looking at this subject generally, 
such conditions may be inferred not to be so rare as might at first 
be supposed. In certain regions, the decomposition of the felspar 
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alone in granitic and some other igneous racks, gives rise to solu- 
tions of the silicates of potash and soda, and tlie introduction of 
waters having free carbonic acid, derived from the atinospliere, in 
them, would separate the potash or the scnla, as tlie case might be, 
from the silica, the latter being deposited under favourable condi- 
tions for dissemination amid the pores of rocks.* Wlicn we regard 
the manner in which carbonic acid may arise from the decompo- 
sition of organic bodies, be mingled with water, and act upon certain 
silicates, it is also to be inferred that favourable conditions may arise 
under which silica could be thus thrown down, even when vegetable 
matter afforded the carbonic acid, amid the pores and cavities of 
a certain part of the plants themselves, preserving their finest 
structures.-|- 

Though silicic acid may thus, under favourable conditions, to 
which it is here sufficient to direct careful attention, be easily sepa- 
rated from certain silicates under the common temperatures which 
are known on tlie surface of the earth, or found at mcxleratc dcptlis, 
circumstances witli regard to this substance become changed when 
the heat to which it is exposed in connexion witli others is con- 
siderable. For instance, instead of decomposing the silicates of 
potash or soda, in the manner above mentioned, the carbonic acid 
would be driven off, and tlic silicic acid would remain combined 
with the alkalies. Again, it is now known that wliile pure silica, so 
very important geologically, may be very difficult to dissolve in 
water at the temperature commonly termed ordinary, when the 
heat of water is much increased beneath the requisite pressure, it 
may be considered simply, like many other substances, as more 
soluble in highly-heated waters than in those of more moderate 
temperatures. Hence, when the observer regards the facility with 
which pressure, and elevated temperature may be obtained, by 
descent beneath the surface of the earth, he will see that no slight 
modification and change may be effected by the mere lowering of 
beds, moistened with water to situations where such water could 
act upon the silicates of the rocks among which it may be dissemi- 
nated, and even upon silicic acid Itself, existing as grains of pure 
quartz, this solution ready to be effected by, and to produce vari- 
ous modifications and changes among the substances forming the 


♦ Mr. Henry informs me that when experimenting upon silira he found that a 
silicate ot soda was decomposed even by the carbonic acid of the atmosphere and tho 
silica deposited, its state and appearance being much affected by the degree of con- 
centration of the solution. 

t The fine structure of fossil siliceous wood is often beautifully preserved. 
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original deposit, or other matter subsequently introduced amid its 
parts.* 

The action of considerable heat upon rocks, producing change 
and modification of their component parts, can often be so studi^ 
among a minor mixture or juxtapsition of igneous rocks, and those 
evidently produced by chemical or mechanical depsit in water, as 
much to assist inquiries into the manner in which more general 
changes and modifications may be aided, and even sometimes 
effected on a great scale. In volcanic regions, substances, such 
as clays, become hard, in fact baked, as any tile or brick may be, 
by the overflow of a lava current among them, the result teing 
the same as might be expected from our knowledge of the action 
of heat upon diflferent varieties of clays in our potteries and pree- 
lain manufactures, some clays burning or baking well, others ill. 
In such cases the usual result is the production of certain changes 
by the action of the heat communicated from the liquid lava. A 
still further modification of parts is effected when, without loss of 
the original form of the deposit acted upon, some of the con* 
stituent particles have separated from the main mass in which they 
were disseminated, and, joining together, have produced crystals, 
there having existed a power of movement in these particles, 
similar, so far as regards conditions for separation from the main 
mass, and the movement obtained, to that above mentioned as hav- 
ing taken place in yielding deposits, such as clays. 

This modification in the arrangement of the component parts of 
rocks is common to the igneous action of all geological times. 
It can be as well seen amid the accumulations of igneous matter 
deposited with the old Silurian series of the British Islands, as in 
various regions among the volcanic products of the present time, 
and is one requiring some attention, since it might otherwise much 
interfere with tlie conclusions of an observer as to tlie conditions 
under which the component parts of a rock may have been origi- 
nally gathered together. A porphyritic character, from the disse- 
mination of certain crystals, as, for example, those 'of some of the 


* It is to be hoped that investigations in this direction may more occupy the attention 
of chemists than has hitherto occurred. The subject is full of interest, and appears one 
likely to reward the labours of those who, taking a certain class of geological facts 
for their guide, unite with them the conditions of high temperature beneath great 
pressure, as also exclusion from the atmosphere, such as may be inferred to exist 
beneath given depths in the earth, upon the hypothesis that heat increases down- 
wards towards the central portions of the earth, for at least the distance at w hich 
water, should it continue to exist as such, can be heated up to a very elevated tem- 
perature. 
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felspars, may be too hastily assumed as indicating the rock, thus 
characterised, to have been in a complete molten stat(‘.* 

In those instances where the rocks liave evidently been fissured 
prior to the introduction of the igneous matter, winch thus forms 
a simple dyke, as it is usually termed, or some tortuous liu’in of 
vein, the observer would necessarily inler consolidation suflicl<?nt 
for the production of tlie fracture, so that any cliange or modi- 
fication found in the rock fractured would have taken place after 
such consolidation. Cases of this kind of alteration are far from 
uncommon. In studying them it becomes needful to recollect 
that not only the mere action of heat may be brought to bear under 
such circumstances, as it might be with regard to the clay of* a 
brick or porcelain vase, but also that moisture and solutions would 
probably be disseminated in the usual manner amid the pores and 
cracks of the rock so acted upon, and this often beneath much 
pressure ; exposure of the changes thus produced being often due 
to some of, or all, the causes of denudation removing former, and 
considerable, pre-existing and covering portions of rocks. 

Changes and modifications in such cases must necessarily depend 
much upon the substances acted upon, and the manner in which 
their component parts may have been arranged. The most simple 
forms of modification are those where some substance, such as com- 
mon limestone, may have its parts so modified that a crystalline 
adjustment of them is effected; the portions of rock in contact 
with the igneous matter being thus altered, the greatest modifi- 
cation effected nearest the igneous rock and becoming less as the 
distance from it is increased. Of this kind of modlllcation tlic 
often-quoted instance of the chalk in the Isle of Ihiglilin may Dc 
taken as an example. In this case, as shown beneath (fig. 230), 

Fig. 230. 
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dykes, « a a, of basaltic rock traverse the chalk of that part of 
Ireland (so much broken up by eruptions of igneous matter at a 
period subsequent to the chalk), converting that rock, between 
and adjoining them, into a more crystalline substance, c c, this 
character gradually disappearing on each side, b b. The alteration 
at the contact of dykes of igneous rocks is not confined to the more 


* Modifications of this kind, by which crystals of felspar have been developed in 
rocks which still preserve their original planes of deposit, are not uncommon. 
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crystalline nrrangement of the traversed and adjacent beds, certain 
minerals being very often -formed by the movement of their com- 
ponent particles, under conditions when they could adjust them- 
selves into crystals, the surrounding matter giving way to their 
forms. These minerals vary much according to the chemical com- 
position and physical structure of the deposits acted upon, and 
also according to the volume as well as kind of the igneous rocks 
introduced. 

A far larger amount of modification and change is necessarily 
effected when the mass of igneous rock, introduced amid prior 
accumulations, is considerable, and when it may be inferred, as it 
often can be, that this intrusion has been effected at depths beneath 
the surface where there was no contact with the atmosphere ; but 
where, on the contrary, any water distributed amid the pores or 
crevices of the previously-formed rock, consolidated or otherwise, 
as may have happened, could not escape, with any solutions it 
contained, having been confined to a certain range, beyond which, 
a continuation of the same, or other rocks, with their dissemi- 
nated moisture, remained much in its condition prior to the in- 
trusion. As has been previously remarked, certain of the gran- 
itic intrusions appear to have effected much change in adjacent 
accumulations. In various parts of the world, such modifications 
of previously-formed rocks of all kinds in contact with the in- 
trusions and upheavals of granitic matter, are most marked, the 
altered rocks being traceable to their more usual forms of ordinary 
limestones, argillaceous and arenaceous slates, sandstones, or the like ; 
some even of these rocks being fosslliferous, and so occurring, 
that their relative geological age can be readily assigned them. 

Changes and modifications of this kind can be well seen to have 
been produced upon the Cambrian and Silurian rocks, prior to the 
accumulation of the old red sandstone, in parts of Ireland (in the 
counties of Wicklow, Wexford, &c.) ; and in south-western England, 
upon deposits of a later date (efiected anterior to the new red 
sitndstone); the rocks acted upon being of varied. composition, 
including different igneous accumulations, as well thrown out in a 
molten state, as deposited as ashes and lapilli beneath water (p. 554). 
In such situations, the observer will find, as he might anticipate, 
the consolidation by silica and the silicates often very considerable, 
beds of ordinary sandstone sometimes exhibiting their component 
grains as if passing into the matter cementing them. Judging 
from the solvent effects of water and steam, at high temperatures, 
upon the usual silicates employed in glass, when moisture is dis- 

'2 R 
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seminated in rocks, and raised to a very high temperature, under 
the conditions above noticed, the silicates, so common among 
various argillaceous and arenaceous slates and sandstones, would 
be acted upon, so that considerable consolidation by them became 
frequent among these accumulations. 

Such conditions could be scarcely otherwise than favourable to 
the aggregation of certain substances into a crystalline state upon a 
more extended scale than in the case of the smaller bodies of molten 
rock intruded among, or rising through, fractures in prior and 
consolidated accumulations. Certain igneous rocks seem sometimes 
to have had the volume of their component minerals increased, as, 
for example, the crystals of hornblende and felspar to have become 
enlarged near the contact with the granite. Sometimes either 
with, or without increase of volume, the particles of hornblende 
and felspar of an ordinary greenstone become so adjuste d as to 
present far greater brilliancy of aspect, so that the rock takes the 
appearance of that commonly knowm as hornblende rock. Good 
instances of this kind arc to be seen in the county of Wicklow. 
In like manner, the old Silurian volcanic ash-beds of the same 
district will be seen, under similar conditions, with the brilliant 
aspect of hornblende slates. The hornblende rock and slate of the 
Lizard district, Cornwall, seem, in like manner, little else than 
ordinary greenstone, and tlie volcanic ash of the Devonian scries, 
modified either by the action of a great mass of serpentine which 
has flowed over, and remained upon them, or by that of granitic 
matter beneath. Seeing the slight chemical differences usually 
noticed between hornblende, augitc, and hypersthenc, it would be 
expected that changes would be eflected in the aspect of the rocks 
containing them, under the circumstances mentioned. The hy- 
persthene rock of some localities, as for example, that of Cocks Tor, 
near Tavistock, Devon, appears to come under this head. While 
on this subject, it may be remarked that other modifications are 
sometimes observable, as if the substances composing the rocks 
being originally more varied, or certain others having entered 
among them from without, after exposure to change from the 
consequences of juxtaposition to great masses of molten matter, 
minerals appeared not found beyond the limits which may be 
assigned to these alterations. 

In some regions, as, for example, in the counties of Wicklow 
and Wexford, in Ireland, the manner in which andalusite has 
been developed, forcing ofl* other portions of the rock, such as 
mica ; the old stratification of tlie deposit being still retained, is 
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highly instructive. Near the intruded granite, the crystals of this 
mineral are occasionally found of large size ; and while they have, 
it were, shouldered off the other substances in the way of their 
formation, they sometimes exhibit portions of entangl^ matter, 
such as mica, as might be expected in such a mode of production. 
This mineral, not uncommon under similar conditions, is precisely 
one of those which would be expected to be thus form^, being 
essentially a silicate of alumina (the base of the clays), a compound 
forming a prominent part of the original deposits in which these 
andalusitcs become developed. Chiastolite is also a form in which 
the silicate of alumina appears amid altered rocks, and is one not 
uncommon among the old sedimentary deposits modified in contact 
with granite in Devon and Cornwall. Staurolite^ another common 
mineral developed amid mechanically-formed deposits, when acted 
upon by masses of granitic and of other igneous rocks in a molten 
state, is again one which might be expected, being essentially 
composed of silica, alumina, and peroxide of iron, with the addition 
of a small portion of magnesia. Cyanite is also another form in 
which silicate of alumina occurs developed amid altered rocks. 
Garnets arc often very common in those which have suffered 
modification in the adjustment of their component parts. When 
the observer refers to the chemical composition of these minerals, 
as shown by various analyses, he will see, by duly considering the 
isomorphism of certain substances that their component parts may 
be readily gathered together, under conditions for their movement, 
from amid rocks apparently of different kinds. While peroxide of 
iron constitutes a prominent portion of some garnets, it is replaced by 
alumina in others ; and while lime forms an important substance in 
most garnets, it may be considered as replaced by protoxide of 
iron in others.* Amid the various altered rocks in which garnets 
have been developed, the pushing aside, as it were, of other parts 


* The following, among the numerous analyses of garnets, may show their varied 
^composition, chiefly due to isomorphism : — 
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Iron. 
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3*51 


2 
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3 
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4 
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• • 
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0*28 

0*06 
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* • 


1. Greenland (Karsten) ; 2 Altenau, Hartz (Trolle-Wachtmeister) ; 3. Arendal (Trolle- 
Wachtmelster); 4. Beaujeux (Ebelmen). 
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of associated mineral matter, when their crystallization was effected, 
may be well studied. Among their modes of occurrence, those 
where they have been developed amid sandstones, as, for example/" 
near Killan, in the county of Wexford, are highly interesting, the 
grains of sand being forced asunder to permit the development of 
the crystals of garnets. 

The transmission of mineral matter from the igneous and heating 
body into the prior-formed rocks, whether these were or were not 
consolidated, seems well shown when boracic acid is present among 
the former. This appears to have been the case around much of 
the granite in Devon and Cornwall, where schorl, as above men- 
tioned (p. 578), is not only found disseminated around the general 
mass of granite in numerous localities, but also constitutes the 
outer portion of that rock in many situations. The matter of the 
schorl (chiefly sih'cic acid, boracic acid, and alumina)* has passed 
into the pre-existing and mechanically-formed rocks in many 
places, among which Fatwork Hill and Castle an Dinas, near 
St. Columb, Cornwall, may be noticed as localities where this 
circumstance can be well seen. The boracic acid might, indeed, 
have solely escaped out of the granitic mass, and meeting with 
the other essential parts of schorl, have produced the latter mineral 
amid the grains of the mcchanuially-formed rocks thus acted upon. 

With respect to mica, also, its component parts oltcn appear as 
if introduced from the igneous rocks into many of the sedimcntiiry 
deposits against, or amid which they have been intruded, at the 
same time that certain mechanically-formed rocks, such as arena- 
ceous deposits containing dctrital mica, seem merely to have had 

* The analyses of schorl, by M. Hermann, gave for the composition of black schorl 
from Gornoschit, near Kathcrenenburg (1), of brown, from Mursinsk (2), and 
of green, from Totschilnaja, Ural (3), and of black, from Monte Rosa, by Lc Play 
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the micaceous matter so acted upon, as to form better developed 
^Ima of that mineral, its component parts having adjusted them- 
selves in a manner more resembling an original formation of mica. 
In like manner, also, ordinary felspar seems to have been thus pro- 
duced, so that an original deposit in which grains of quartz, felspar, 
and mica have been accumulated, (the detritus of some pre-existing 
granitic rock,) would become the laminated compound of that 
character known as^wms, while one formed only of grains of quartz 
and mica would become mica slate.* Paying due regard to the ori- 
ginal composition of the rocks acted upon, with proper reference to 
the conditions under which mineral matter may be passed out, and 
move among the parts of the igneous rocks, gradually cooling down 
during a long lapse of time, and also amid the pores and fissures 
of the prior-formed rocks, the observer would anticipate very 
numerous combinations, producing great modifications and changes 
in the original composition of deposits. He will find the study one 
of great interest, well repaying the time he may devote to it. 

* When considering the various kinds of modification of parts which deposits may 
sustain from the contact of great masses of igneous rocks in a fused state, or from 
descent tow'ards the interior of the earth, so that somewhat similar conditions may be 
produced, it is not a little interesting for the geologist to direct his attention to those 
which certain of them would, in consequence, present. If, for example, the thick 
beds of the millstone grit^ forming the lower part of the coahmeasure series' (as this 
grit occurs in the midland and northern counties of England, composed of quartz, 
mica, and felspar, the latter usually decomposed), were exposed to the conditions for 
alteration above noticed, the compound would have a granitic appearance, the more 
especially if the silicates of potash or soda, or both, were introduced, and again united 
with the remains of the previous felspar. This rock, even as it is, has often the ap- 
pearance of a somewhat decomposed granite, as is the case with many sandstones of 
the 'oal measures of the British Islands generally. 
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CLEAVAGE OF ROCKS. —CLEAVAGE IN SANDSTONF ’ AND SHALES. — C iKAVAGE 
IN SHALES AND LIMESTONES. — MINOR INTKRIIUITIONS TO C KAVAGE 
ACTION. — CLEAVAGE ON THE LARGE SCALE. — RANGE OF CLEAVAGE 
THROUGH CONTORTED ROCKS. — DOUBLE CLEAVAGE. — RELATIVE DATES 
OF CLEAVAGE. — ELONGATION AND DISTORTION OF ORGANIC REMAINS BY 
CLEAVAGE ACTION. — DIFFERENT DIRECTIONS OF CLEAVAGE IN THE SAME 
OR JUXTAPOSED DISTRICTS. — ^JOINTS IN ROCKS.— DIRECTIONS AND RANGE 
OF JOINTS. — JOINTS IN GRANITE. — JOINTS IN SEDIMENTARY ROCKS.— 
JOINTS AMONG CONGLOMERATES — JOINTS IN LIMESTONE. — MOVEMENTS OF 
ROCKS AFTER JOINTING. — COMPLICATION OF BEDDING, JOINTING, AND 
CLEAVAGE. 

Whether modifications and changes in rocks have been produced 
by the depression of deposits to depths beneath the earth’s surface, 
where high temperature may cause the effects noticed, be brought 
about by similar action from the juxtaposition of great mineral 
masses elevated or intruded in a state of igneous fusion, or consoli- 
dation be produced cliemically in any otlier way, an observer may 
not be unprepared to consider that the matter thus acted upon might 
sometimes exhibit an arrangement of parts corresponding with 
some adjustment on the great scale. Whether those arrangements 
of the parts of rocks to which the terms cleavage and joints have 
been applied, ‘may have taken place during their first consolidation, 
may be due to some action on the large scale after their consolidation 
as a whole or in part, or sometimes have been produced under both 
conditions by an influence acting independently of consolidation, 
the subject is one which would appear to require more extended 
observation, and a better-digested body of facts than has as yet been 
obtained. 

When a geologist has before him, as in the slate quarries of 
North Wales, a mass of mineral matter which he has reason to 
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conclude has once been a bed of clay or mud, now not only conso- 
jidated, but also rendered highly fissile in planes which do not 
Correspond with that of the original deposit ; such planes consti- 
tuting a part of certain others traversing the rocks of a district 
generally, that he should be led to infer, with Professor Sedgwick 
and some other geologists, that the finely-divided, yet mechanically- 
deposited matter had been gathered together by some force, 
reminding us of that which unites the particles of crystals of certain 
given combinations of substances, might appear probable. 

Upon studying the districts where the cleavage of rocks occurs, 
the observer usually finds a considerable degree of uniformity of 
direction in the course of the cleavage planes, where they cut the 
horizon, through a variety of rocks, and over considerable areas. 
In certain of the masses or beds in which this has taken place, the 
effect appears to have been more easily produced than in others, 
and it may be sometimes seen that while, in associated coarse and 
fine-grained beds, the latter are beautifully cleaved, the former ap- 
pear unaffected, as if the fine particles of the one could be easily 
acted upon, while the coarser grains better resisted a new adjust- 
ment. This conclusion requires, however, much caution, since 
though the coarser beds may not, at first sight, appear affected by 
tlic arrangement of parts producing cleavage, they may be found 
when broken to exhibit divisional planes, though these may not 
be so numerous, in the direction of those in the finer-grained beds 
associated with them, Tims, in the following section (fig. 232), 

a 


a 

a 


representing sandstone beds a, a, a, associated with argillaceous 
beds, 5, 5, while the cleavage may be well developed and easily 
seen in the latter, in the former it may also be found by fracture of 
the beds, or by their decomposition from atmospheric influences. 
This, however, by no means constantly occurs, the conditions under 
which the fine-grained beds were cleaved, not having apparently 
been favourable to the adjustment of the parts of the other beds, so 
that they became thus divisible. 


Fig. 232. 
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In certain of the carboniferous limestone districts in Ireland, 
where shales are associated with the limestone beds, the cleavage of 
the former is apparent, while the latter are either unaffected by if, 
or so obscurely as not to have their component parts adjusted to the 
same amount by this action. The following section (fig. 233), at 


Fig. 233. 



Clonca Castle, county Waterford, will serve to illustrate this cir- 
cumstance, a, a, a, being beds of limestone which do not exhibit 
cleavage, while the shales, 5, usually more or less calcareous, and 
associated Avith them, arc cleaved. The same locality also shows 
that Avhere the limestone beds become somewhat argillaceous, 
partaking partly of the character of the shales, and partly of the 
more pure limestones, they exhibit marks of cleavage action, as if 
tlie particles, being then less coherent, had more readily given way 
before that influence. 

Tlie following sketch (fig. 234) may bo found useful in illus- 

Fig. 234. 



tralion of the modified passage of cleavage through dissimilar sub- 
stances, or of those, the coherence of the parts of which, at the 
time of the cleavage action, may have been different. It repre- 
fccnts a portion of the Devonian series, on the east of Hillsborough, 
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near Ilfracombe, North Devon, i, b, being thin seams of lime- 
stone, about two or three inches thick, a, a, cf, argillaceous slates ; 
the argillaceous slates being made so by cleavage. The true planes 
of deposit are shown by those of the interstratified seams of lime- 
stone. The planes of cleavage lamination traverse the whole with 
a general southern dip, slightly interrupted at the seams of lime- 
stone, where their course is modified ; and though the limestone is 
divided in the same general direction, it is so in a somewhat con- 
torted manner, as shown by the carbonate of lime which has been sub- 
sequently infiltrated and deposited in the fissures so formed. The 
somewhat contorted modification of the cleavage in the limestone 
is sliown at c. In such cases as these the geologist may consider the 
limestone to have been consolidated so as to have been capable of a 
certain amount of fracture, while the mud or clay, now consoli- 
dated as well as cleaved, so as to form hard slates in the direction 
of the cleavage, had the whole of its component parts more or.lcss 
rearranged in certain directions by the cleavage action. 

At times an interruption may be traced even between argillaceous 
beds themselves, when these are piled upon each other in a manner 
marking a pause in the deposit, so that a clear surface has been 
formed between the production of one bed and the accumulation 
of another. The following section (fig. 235,) seen near Wivelis- 
combe, West Somerset, shows that while the planes of cleavage 


a Fig. 235. 



^ take a general direction, a a, they are slightly bent, and undulate 
where the partings of the beds, b b, occur. AVhetBer, at the time 
of the cleavage the mere break in the continuity of the argillaceous 
matter was sufficient to produce this effect, or whether any kinds 
of substances may have been in solution in water, occupying the 
interstices between the beds, causing the effects observed, becomes 
matter for investigation. 

These Interruptions and modifications of cleavage, though im- 
portant for the study of its cause and mode of action, and which 
arc far from being always observable, become lost when cleavage is 
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traced through considerable masses of rocks, and viewed on the 
large scale. We find it, as Professor Sedgwick long since (1835) 
pointed out, in a large portion of North Wales,* traversing all 
kinds of rocks in given directions, over wide areas, notwithstand- 
ing the varied position of their beds. Indeed, it may sometimes 
be readily traced through them when contorted in all directions, 
as well horizontally as vertically. As the eleavage thus cuts through 
even contorted rocks, it must clearly often happen that it passes 
through their planes of direction at various angles. This will be 
found to occur more frequently than might, without very careful 
examination, at first sight appear ; however it may arise that, in 
certain districts, the general direction of the true bedding, or 
planes of deposit, may be found to coincide with that of the 
cleavage, as regards horizontal range, whatever variation the dip 
of the cleavage may exhibit as regards itself, or the true bcd(Lng 
of the rocks. With respect to a mass of rocks of varied kinds, 
detrital and igneous, with some admixture of limestone, traversed 
by cleavage ranging diagonally to the general bedding, the chain 
of hills known as the Chair of Kildare, Ireland, may be taken as 
a good example, easily visited. The range of the cleavage coin- 
cides generally with that of the neighbouring districts in the 
counties of Wicklow and Wexford ; while the beds have a direc- 
tion diagonally across the cleavage. Among these hills highly- 
crystalline porpliyrics will be found cut by cleavage, as well as the 
argillaceous and arenaceous beds of the Silurian series of which 
they are principally composed. As illustrative of variation in the 
dip of the cleavage, and of the true beds seen vertically, and 
especially when the latter arc contorted, the following section 
(fig. 236) of part of the Devonian series, on the coast between Morte 
and Bull Point, near Ilfracombe, Devon, may be useful, inasmuch 
as the true beds, chiefly of argillaceous matter, have been so cleaved 
in a constant direction, that while the cleavage planes, a, a, some- 


* “ The whole region,” the Professor observes, with reference to the country near 
Ilhaiadr to the gorges of the Eolan and Towy, “ is made up of contorted strata ; and 
of the true bedding there is not the shadow of a doubt. Many parts are of a coarse 
mechanical structure, but subordinate to them are fine crystalline chloritic slates. 
But the coarser beds and the finer, the twisted and the straight, have all been sub- 
jected to one change. Crystalline forces have rearranged whole mountain masses of 
tliem, producing a beautiful crystalline cleavage, passing alike through all the strata. 
And again, through all this region, whatever be the contortions of the rocks, the 
planes of the cleavage pass on generally without deviation, running in parallel lines 
from one end to the other, and inclining at a great angle, to a point only a few degrees 
west of magnetic north.”— ‘‘On the structure of Large Mineral Masses, Trans, of 
the Geological Society of London,” 2ud scries, vol. iii., p. 477. 
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times cut the bedding at right angles, at others they coincide with 
it, as at 


Fig. 236. 



Among the contorted and cleaved rocks, some will be found 
which may lead an observer to consider how far the cleavage took 
place after their consolidation into the hard sandstone, and even 
quartz rocks which he may find, or had occurred while that con- 
solidation was in progress. The following sketch (fig. 237) of the 


Fig. 237. 



cleavage of liard sandstone beds, with some slate, part of the Cam- 
brian series, at Bwlchhela, nearly opposite the Penrhyn slate 
quarries, North W ales, may serve to illustrate this subject, a, a, 
being the lines of cleavage traversing the disturbed beds. Cleavage 
of this kind is exhibited on a much larger scale at the Holyhead 
Mountain, Anglesca, amid its quartz rocks, thus rendered fissile in 
a great measure across the bedding, as is shown in the following 
section (fig. 238) seen on the cliff opposite the South Stack Light- 


Fig. 238. 



a a a 


house ; the nearly vertical lines, a, d, a, representing the direction 
of those of cleavage, varying somewhat in their amount of dips, the 
contorted beds being composed of sandstone and slate ; the former, 
for the most part, converted into quartz rock. 

Occasionally a double cleavage will ha found, one set of planes 
cutting another, as in the annexed section (fig. 239), where two 
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sets, a a and b h, cross the beds c, c, and each other, dividing up 
the mineral matter of the deposit into elongated forms of a pris- 

Fig. 239. 



matic character.* To the same kind ol‘ action we may, pcrliaps, 
assign those somewhat regularly* lorined solids into which arena- 
ceous bods are occasionally divided in coun^iies wli(‘re cica aige 
has been effected. In such cases the cleavage* j*lanes cut those of* 
deposit or true bedding, cither at right or considerable angles, so 
as to produce forms of the following kind (fig. 240). The rcsult- 

Fifr, 240. 

7 

ing portions of rock vary considerably in size. Wc have seen some 
not much larger than four times that above represented, though 
they are usually much larger. 

As to the relative date of the cleavage, the observer may some- 
times obtain evidence of importance. Thus in Ireland, in the old 
red sandstone scries of the counties Waterford, Kerry,! and Cork, 
which affords such excellent examples of cleavage, it will probably 
have been effected after that of the Silurian rocks of Wicklow, 
Wexford, and Watcrfoid; inasmuch as portions of Silurian slates 
are to be found in the conglomerates of the old red sandstone of 
Waterford, clearly worn off, in a cleaved condition, f‘rom the sub- 
jacent, upturned and contorted rocks, on which this conglomerate 
has been deposited. Hence, also, it may be inferred that the 
cleavage of' the mountain or carboniferous limestone shales found 
in some parts of Ireland, occurred after that of the Silurian rocks 
above mentioned. In the following section (fig. 241), representing 


♦ When the joints, to be hereafter noticed, are numerous and somewhat close to 
each other, the rock becomes broken up into a multitude of short irregular prismatic 
portions, of a marked character. 

t In the road, now so much visited for the beauty of its scenery, between Kil- 
larney and Glengariff, excellent examples of cleavage will be seen. 
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veins of a porphyritic rock, a, a, traversing some Devonian slates, 
h, b, between Cawsand and Redding Pomt, Plymouth Sound, the 


Fin.2H. a 



a 


slates and the igneous rock presenting one common lamination 
from cleavage, the latter would be effected after the intrusion of 
the porpliyry. Upon studying the mode of occurrence of the 
rocks in the district, it will be found, as above noticed (p. 569), 
that porpliyries of this kind might belong to the period of tlwjse 
known as elmns in Cornwall and Devon. 

By examining the conglomerates usually forming the lower part 
of the new red sandstone series of Devonshire, the observer detects 
portions of the prior-lbrmcd rocks laminated in a manner so agree- 
ing with cleavage, that he may infer that the cleavage of the older 
Devonian rocks was effected before the deposit of the new red 
sandstone in that district, and subsequently to the intrusion of the 
granite. 

Upon following out the modification and adjustment of parts in 
rocks traversed by cleavage, it will in many districts be seen that 
there has been a movement and rearrangement of them in direc- 
tions corresponding with the planes of cleavage. There have often 
been elongations in those directions, so that any organic remains 


fig. 242. 



contained in the beds become distorted, and seem as if pulled out, 
as in the preceding sketch (fig. 242), where several shells of 
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Stri^JmfUfna expanaa have suffered this elongation, in the direction 
of the plane of cleavage, a i, at Cwm Idwal, Caernarvonshire, the 
real form of this shell being that represented beneath (fig. 243). 
Sometimes a fossil, such as a trilobitc, may be doubled down on 
both sides, as over a ridge, in the following manner (fig. 244), the 

Fig. 243. Fig. 244. 



sides of a Calymene BliimenbacJiiiy a, having been, as it were, 
pulled down by the cleavage, the real form of this trilobitc being 
that shown at 6.* This adjustment of a fossil to the planes of 
cleavage has been regarded by some geologists as effected by a 
purely mechanical movement, cleavage being referred to a pressure 
of tlie component parts of rocks productive of the effects seen. 
The observer will do well to consider the evidence adduced in sup- 
port of this view.*|* At the same time he will have to direct liis 
attention to the lamination of clays efiected by electrical action, 
as shown by Mr. Robert Were Fox,;}: and Mr. Robert Hunt,§ and 
bear in mind that great masses of rocks are often extended layers 
of dissimilar or variously aggregated matter, moistened by saline 
solutions, in which common salt frequently occupies a prominent 
place. He has also to recollect that these layers, as has been 
pointed out by Professor Rogers, |1 may, under certain conditions, 

♦ The specimen whence the sketch is taken is from the lower Silurian rocks of 
Hendre Wen, near Cerrig y Druidion, North Wales, 
t See writings of Mr. Sharpe, Geological Journal, vol. ii., p. 74; vol. v., p. 111. 

X Mr. Robert Were Fox having produced lamination of clays by means of long- 
continued voltaic electricity, pointed out (in 1837) the bearing of his experiments in 
the Report of the Polytechnic Society of Cornwall for that year (pp. 20, 21, and 
68, 69). lie found that the planes of the laminae were formed at right angles to the 
direction of the electric forces. With reference to the cleavage of rocks, Mr. Fox 
considered “ the prevailing directions of the electrical forces, depending often on 
local causes, to have determined that of cleavage, and the more or less heterogeneous 
nature of the rock to have modified the extent of their infiuence.** 

§ Experiments carried on by Mr. Robert Hunt, at the Museum of Practical 
Geology, showed similar results ; Memoirs of the'Geol. Survey, vol. i.. p. 433. 

\\ Athenaeum, Proceedings of British Association, Birmingham, 1849. 
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be differently heated, one portion descending to the depths beneath 
the surface of the earth, where a high temperature could act on 
such parts of the rocks, and the solutions in them, so that thermal 
electricity may be brought to influence the arrangement of their 
component parts. Viewing the subject in this light, the particles, 
all other things being equal, which were the most readily moveable, 
such as those of clays or unconsolidated accumulations of silt, would 
appear to be the deposits most readily acted upon. There appears 
little difficulty in inferring that the particles of matter, such as 
those which have composed slight organic bodies, or represent such 
particles at the time when the cleavage action was in force, would 
yield, like those amid which they were placed, to the same influ- 
ence, so that, at tlic final adjustment of all the component parts of 
a cleaved rock, they would be found so arranged, as regards their 
original position, as to present an elongated form. 

Clea^'agc will sometimes be found to occupy a somewhat isolated 
position in a given area, as also a portion unaffected by any action 
of the kind to occur in a generally-cleaved district. Facts 
illustrating the causes of these differences are very desirable*, as 
are, indeed, all careful observations on the subject of cleavage, 
considered as a whole. Whatever view may be taken of* its cause, 
extended research is required as to the direction of cleavage 
tlirough many and variously-situated regions, the composition and 
incxlc of occurrence of the rocks traversed, and the changes in the 
dips of the planes of cleavage, as well as in their directions. In 
certain districts, where different directions of cleavage seem much 
to correspond with that of the ranges of the rocks themselves, and 
those are of different geological ages, as, for example, the nortli-east 
portion of North Wales, where certain Upper Silurian deposits 
have been accumulated upon rocks of the Lower Silurian scries, 
upturned, with others of the Cambrian series supporting them, 
it becomes desirable to ascertain how far one direction of cleavage 
is limited to the rocks of one general range and not found in the 
other. In other words, endeavouring to ascertain how far the 
cause of cleavage, or its mode of action, may have depended upon 
the general position of the beds in the rocks themselves. Now, 
in the case mentioned, the cleavage of the older rocks (Lower 
Silurian and Cambrian) differs considerably from that found in 
those more recently deposited (Upper Silurian). When the ob- 
server connects this with the circmnstance that in the same country 
(North Wales) one set of rocks (the former) had been disturbed 
and contorted, even in parts probably constituting dry land, 
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(certain of its rocks, at least, so consolidated that they could be 
broken off and form the materials for beaches, with vein quartz, 
pointing to the filling of cracks and fissures,) he may be led to 
inquire not only into the evidence of the cleavage having been 
effected in the older deposits anterior to that in the more recent, 
but also into the probability of this action having coincided with 
the different geological times during which the consolidation of 
both may have taken place. 

In some districts, it requires no slight aurc on the part of a geo- 
logist to ascertain whether the lamination of a rock before him may 
be due to that of original deposit or to cleavage, far more, without 
some experience, than might at first be thouglit probable. This 
difficulty is occasionally also increased by such arrangements of 
parts, apparently produced during the action effecting cleavage, 
that the matter of the rock is gathered under somewhat difli rent 
forms in the planes of cleavage, causing a diversified kind of lami- 
nation of a very deceptive kind. Instances of tliis fact may be 
well seen in Wales and in southern Ireland, Where such diffi- 
culties present themselves, the observer should very carefully 
search for lines of organic remains, which usually affiird clear 
evidence of the true pLmes of bedding ; a slight scam of such 
remains may often suffice to place him right with resj)ect to the 
true bedding of a mass of cleaved rocks. Sandstone, limestone, or 
other rocks marking the bedding, should also be carcliilly sought, 
so thiit errors, easily committed in some regions, leading to the 
confusion of the range and direction of the true bedding, may be 
avoided. In a section such as the following (fig. 245;, a stratum 


Fig. 245. 
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of this kind as at a, may show the true bedding, perhaps otherwise 
very indistinct, the cleavage, b, being so prominent as to give a 
false appearance of deposit lamination in another direction. 

Independently of the arrangement of the component parts of 
rocks into cleavage, under certain conditions, there is anotlicr 
adjustment of them, to which the term joint has been applied. It 
is one to which the observer, among consolidated deposits and 
igneous matter, will often have to direct his attention. Joints arc 
of- far more extended occurrence than cleavage, though they are 
to be found as commonly in districts affected by the latter, as in 
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others. They are seen as frequently among rocks which have been 
ejected or protruded in igneous fusion, as among those which are 
dctrital, or which may have been deposited from solution. They 
traverse the coarsest conglomerates as well as accumulations of the 
finest sediment, such as once may have been common argillaceous 
clay or mud. The distinction between coarse cleavage and closely- 
approximated joints may be sometimes difficult to determine, as, 
for example, in the section beneath (fig. 246), representing a por- 


Fig. 246. 



pliyry traversed by planes, dividing it into slabs of moderate thick- 
ness in a given direction, on the summit of the mountain on the 
south of Clynog Vawr, Caernarvonshire. As a whole, however, 
the joints so traverse all kinds of rocks, cutting through such 
varied bodies, those, for example, often gathered together in a coarse 
conglomerate, and in such definite and perfect planes, that power- 
fid as cleavage has often been, the action productive of joints some- 
times appears to have been more capable of dividing the mineral 
► matter brouglit within its influence. 

It is often by means of the minor solids into which many rocks 
aio divided from the intersection of joints, or by that of the latter 
and tlie j)lanes of true bedding, that they can be employed for 
useful purposes. Though from the last circumstance long known, 
joints have only attracted attention as among objects of geological 
interest within the present century. The joints of granitic rocks 
apj>car to have been among the earliest of those observed as having 
definite, or nearly definite directions for considemble distances in 
given areas.* The planes of joints in these rocks not only present 

* With respect to the directions of joints in south-western England, Professor 
Sedgwick remarked in 1821 (Cambridge Philosophical Transactions, vol. i.) that 
“ whenever any natural section of the country (Devon and Cornwall) exposes an 
extended surface of the granite, we find portions of it divided by fissures, which often, 
for a considerable extent, preserve an exact parallelism among themselves.” He 
further odds, that “ these masses are not unfrequently subdivided by a second system 
of fissures, nearly perpendicular to the former, in consequence of wliioh structure the 
whole aggregate becomes separated into blocks of rhomboidal form.” In 183.% 
Mr. Enys pointed out that the vertical joints of the Penryn granite ranged from 

2s 
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much interest in themselves, as dividing the matter of the rock, so 
that in some which contain large crystals of felspar, as in the 
south-west of England, and other districts, the parts of the divided 
crystals exactly face one another on each side of the joints, but also 
as coinciding with a kind of cleavage, usually found ranging parallel 
to the fissures of jointing, so that the quarry-men will work oil* 
minor portions of the granite by, as they term it, taking the grain 
of the stone, this grain being parallel with the planes of the joints. 
Though the joints are sufliciently obvious, this grain may not be 
perceptible to the eye of an observer, at the same time that the 
quarry-men, working from experience in certain directions and 
planes, produce the ell'ect desired by forming holes and driving 
numerous wedges in such planes. 

Tlie columnar appearance of granite, produced by the occurrence 
of block upon block, as if artificially piled on each other, is olkii to 
be seen on exposed mountain peaks, bosses protruding from more 
rounded and less elevated masses of that rock, and on sea clilfs. 
The following (fig. 247) may serve to illustrate the appcara,nc*e of 

Fir ‘->47 



jointed granite on sea-coasts, such as those of tlie Land’s End dis- 
trict, Cornwall. The horizontal planes sliown, are due to the 
structural arrangement of the granite of that county, and arc to be 

N.N.W. to S.S.E., varying but a few degrees from those points.— (“On the (ilranitc 
District near Penryn, Cornwall,*' London and Edinburgh Phil. Mag., Ma^, 1833.) 

From very caref^ul research in the granitic districts of Cornwall and Devon we 
found, as elsewhere stated (Report on the Geology of Cornwall and Devon, 1839), 
that many hundreds of observations gave about 80 per cent, of cases in wliich the 
great joints differed only 14” from N. 25” W., and about 15 per cent, of instances in 
which they varied between 14” to 20” from that point, leaving 5 per cent, of cases in 
which the northerly and southerly joints more approximate to the cross joints. I'ho 
prevailing direction of the joints in the serpentine district of Cornwall ranges within 
a few degrees of N. 25° W. In this body of rock, as in the various granitic portions 
of the same district, there are numerous variations in direction, but viewed as a whole 
the general range of joints is as above stated. 
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seen in many other parts of the world, in accordance with the 
external form of the general mass. It may be, that in the joints 
of granitic rocks we only have the structural arrangement of parts 
effected at their consolidation, so that the different origin of the 
horizontal from the vertical planes may be somewhat imaginary. 
The more or less vertical joints of some granitic areas are certainly 
often continued, as for example in Cornwall, into the sedimentary 
rocks amid which they may occur, but how far it can thence be 
inferred that these were produced subsequently to the horizontal 
planes in the granite may be questionable, inasmuch as the jointing 
of the whole area may have been effected at one geological period. 
Indeed, as above noticed (p. 580), the granite may often be inferred 
to be at comparatively slight depths beneath such districts, sup- 
porting the sedimentary rocks that have been upraised. 

Though it may be sometimes doubted, regarding the more or 
less vertical jointing of granitic rocks, how far this may be considered 
as originally structural, like the divisions in certain lelspathic and 
hornblendic rocks, giving a columnar character to them, in the 
manner of basalts (p. 405), there can be no doubt as to the joints 
in the sedimentary rocks. Here the observer certainly sees the 
matter of consolidated gravels, sand, silt and clay, or mud, dis- 
tinctly divided by planes cutting tlirough it in marked directions 
for considerable distances. Such appearances as the following 
(tig. 248), are often presented to our attention amid sedimentary 
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accumulations, particularly when these are well consolidated, two 
sets of joints, shown by the planes a and b, intersecting at c, and a 
joint parallel to a appearing at d. 

The most striking illustrations of the action of the power pro- 
ductive of joints are to be seen in conglomerates, where a great 
variety of pebbles, and of different sizes, is sometimes found divided 
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as smoothly! in given planes, as if these pebbles bad been formed 
of soft yielding substances, and had been out by some thin sharp 
instrument, dividing them asunder in one plane. Good illustra- 
tions of this circumstance may be seen in the conglomerates amid 
the older rocks, and perhaps are nowhere better exhibited tJian 
among the old red sandstone conglomerates in the county of 
Waterford. Huge masses of the conglomerate, compased of quartz 
pebbles, and of portions of older arenaceous and other deposits, as 
also of igneous rocks, in certain loc^alitics, may be found smoothly 
cut through, and separated by joint planes. In the Commeraclis, 
as for example, in the cliffs rising several hundred fiiet above the 
lakes, they seem to divide the mjiss of conglomerate Into liugc 
columns. Upon careful examination, the division presents no trace 
of dislocation or movement, the faces of the divided parts oi the 
pebbles fitting each other exactly. Joints of this kind are very 
accessible, and readily seen in the old red sandstone conglomerate 
resting upon upturned Silurian rocks, opposite the town of Watcr- 
foid. Of the manner in which these divisional planes pass through 
conglomerates, without the slightest trace of movement of the beds, 
or of the pebbles in them, the best opportunities are sometimes 
afforded on sea-coasts, especially where the beds may be nearly 
horizontal, and well defined, and where the tide may recede con- 
siderably from the shore. Of this kind, the following sketch 
(fig. 249) of a joint, a, i, traversing a remarkable conglomerate amid 
the mountain limestone series on the coast, near Skerries, county 


Fig 249. 



Dublin, the pebbles being of considerable size, may be found illus- 
trative. The surfaces of the divided pebbles, composed of portions 
of Cambrian rocks, probably derived from masses of them still in part 
remaining in the vicinity, arc as smooth as if no divisional plane of 
the kind passed through them, yet it is one not only cutting 



JOINTS IN LIMESTONES. 


CH.XXXn.] 


through this conglomerate, but the limestones with which it 
associated. 


0 
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Joints in limestones are often of the most nuurked kind. In 
many cases there is no difficulty in distinguishing the bedding 
from the joints. In others, however, the observer vrill not ffiad it 
so easy to determine between the two sur&ces, without much care. 
It sometimes happens, that the joints have a much more marked 
appearance than the divisions of true bedding. As, for example, 
in the annexed sketch (fig. 250), wherein the joints are prominently 
shown, one in particular being somewhat opened at a, while the 
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true bedding, h b, is more obscure. In such cases, the observer has 
carefully to search for lines of organic remains, dissimilar beds, or 
partings of slialc or other substances, in order to be sure of the 
true bedding. 

The courses of joints, though often of a marked kind through 
various rocks in the same district, and in the same general direc- 
tions for long distances, as if the power producing them had been 
brought into action under some great leading influence, aflfecting a 
great mass of mineral matter in that district, however modified in 
character its parts may be, appear not a little adjusted, as in 
• cleavage, to the main position of the component beds, diere being 
frequently a tendency in joint divisions to take bourses at right 
angles, as a whole, to it. As in cleavage, also, divisions re- 
sembling jointing, so far as their distance from each other is con- 
cerned, appear to run through certain beds of a general accumula- 
tion more abundantly than in others. Of this kind, the divisions 
through parts of the shales of the lias near Lyme Begis may be 
taken as an example. Though joints are not there observed in the 
mass of the argillaceous limestones composing that deposit, in 
certain beds of shales, on the west of the town, divisions, perpen- 
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dicular to the beds, may be seen to ran like so many planks on a 
floor, stretching as far as the beds are exposed at low water. 

As there appears little reason to doubt that joints, like cleavage, 
have been formed, under suitable conditions, at different geological 
times, and as these cleaved or jointed nxjks may readily have been 
moved after they were divided in this manner, it would be expected 
that, sometimes, the position of the one and the other, as regards 
their direction with the horizon, is not that in wliich either the 
cleavage or jointing was effected. Cleaved and jointed rocks are 
sometimes found in positions to render such subsequent movements 
probable. For example, the old red sandstone series of southern 
Ireland reposes upon Silurian rocks probably cleaved, if they were 
not also jointed, prior to the accumulation of the former, and the 
same series is also traversed by similar divisions. Upon studying 
tliat portion of Ireland, tlic observer finds that the old red sand- 
stone, with also the carboniferous or mountain limestone series 
resting upon it, has been also disturbed since its deposit ; hence, 
the lower rocks having been again moved to permit the rolling and 
bending of the great mass of matter resting upon them, their 
original planes of cleavage, if not of joints also, can scarcely be in 
their original position. The probability ol‘ such movements may, 
therefore, somewhat interfere with first views as to the original 
position of cleavage and joints, and the geologist should bear in 
mind, that the movement of a body of rock, divided in this manner, 
into flexures, might be accompanied by the friction of some of* the 
surfaces of the divisional planes upon each other, thus embarrassing 
his researches into the original condition of such surfaces. Move- 
ments of this kind may give an uncertainty to the slightly-inclinckl 
planes nl joints which are sometimes found, though there is, as yet, 
no evidence to show that joints have originated in a manner to 
render (livisi(jns in the mineral matter improbable at these angles 
with the horizon. Such planes of joints require to be well distin- 


Fig. 251. 



guislied from those of true beds, which they often much resemble, 
as, for example, in the preceding section (fig. 251 ), where a mass 
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of argillaceous matter, originally a thick accumulation of day or 
mud, though now consolidated into hard rock, shows jdnt Imes, 
a a a, and sections of the planes of cleavage, h h, but does not 
exhibit a surface sufficiently large to show the planes of true 
beddbg. 

Occasionally, the division of an original deposit of clay or alt, by 
cleavage and joints, becomes most complicated, requiring no slight 
care on the part of an observer to arrive at the surfaces of the true 
beds, more especially when organic remains are absent, and the 
mineral matter is of a common character throughout. Of this kind 
of complication, the following sketch (fig. 252 ) of a quarry at 


Fig. 252. 



lirewer's Hill, county Wicklow, may be useful as an illustration. 
The true bedding is a plane, facing the reader, while there are 
divisional planes ranging in the direction a a, in that of b b, and in 
that of 0 c. 
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BENDING, CONTORTION, AND FRACTURE OF ROCKS. — EARTU’s RADIUS COM- 
PARED WITH MOUNTAIN HEIGHTS. — VOLUME OF THE EARTH WITH 
MOUNTAIN RANGES. — EFFECTS OF A GRADUALLY COOLING GI.ORE. — 
mountain ranges viewed on the large scale.— DIRECTIONS OF 
MOUNTAIN CHAINS. — CONDITIONS KFFECITNG TIIE OBLITERA ITON OR 
PRESERVATION OF MOUNTAIN CHAINS.— LATERAL PRESSURE ON BEDS OF 
R(X:K amid MOUNTAINS. — BENDING AND FOLDING OF DEPOSITS IN THE 
APPALACHIAN ZONE, NORTH AMERICA. — FLEXURES AND PLICATIONS OF 
ROCKS IN THE ALPS, AND OF THE RHINE DISTRICT.— IGNEOUS lUXIKS 
AMID CONTORTED BEDS. — CONTORTED COAL MEASURES OF SOUTH WALl':S. 
— CONTORTION OF THE COMPONENT PARTS OF BEDS, 

Though it has been necessary to allude to tlic disturbance of 
various accumulations, as well igneous as those formed by means of 
water, while noticing rocks of different kinds wlilch have been 
more or less moved after their deposit or intrusion, it may be 
desirable to call attentujn to this subject as one which may also be 
conveniently considered by itself. It will have been seen, wlicn 
pointing out the intrusion of igneous rocks, that the disturbance of 
mineral matter accumulated at one geological period, while the 
deposits of another were comparatively unmoved, assisted in afford- 
ing evidence of the relative time when the igneous rock may have 
been elevated in a molten state from beneath (p. 564) ; and also 
that the arrangement of conglomerates and sandstones against or 
around beds of prior-formed disturbed rocks was useful in showing 
the probability of ancient dry lands having occurred in particular 
situations, .edged by beaches and coast cliffs, (p. 475). 

Though mountains by no means present us with the only means 
of studying the bending, contortion, and fracture of rocks on the 
large scale, they become important from the masses of matter raised 
in them comparatively high into the atmosphere and sometimes 
continuous for considerable distances, from the frequent adjustments 
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of lower grounds to thern^ and the ojyportunities 
afforded for obtaining illustrative sections in . 
various planes. A glance at any artificial ; 
globe of fair dimensions will be sufficient to 
show the ranges or chains, as they have been 
termed, of those mountains which constitute 
marked ridges upon the surface of the earth. 
Witli sucli a globe before him, and bearing in 
mind the heights of the various ranges or 
chains of mountains as compared with the 
diameter of our planet, an observer may, pro- 
bably, be led to infer that, however elevated 
and important these may be considered by 
those wandering amid their depressions, or 
striving to ascend their heights, viewed as 
ridges on the surface of the earth, they con- 
stitute very minor protrusions, interfering 
little witli the general form of the world. It 
is somewhat important, in searching for facts 
illustrative of the production of mountains, 
that their relative proportion to the volume 
and diameter of the earth should not be ne- 
glected. If, in the annexed diagram (fig. 253), 
a h e, represent a section of a portion of our 
planet, from its surface a, 5, to its centre e ; 
the thick line, a, b, would be the elevation of 
even the highest mountains as compared with 
the radius of the earth. Hence it is not diffi- 
cult to conceive that the rending of any portion 
of consolidated or partly consolidated mineral 
matter, distributed in various ways over the 
surface, a, b, and the squeezing of the sides of 
these rents or fissures against each other, (with 
or without the propulsion upwards of any 
molten substances amid interstices in the, 
squeezed masses of consolidated or partly-con- 
solidated mineral matter, ) would present ridges 
of varied forms more or less corresponding with 
the lines of the fissures. 

It has been seen that igneous rocks have 
been ejected in various ways, that mineral 
matter worn from them by the action of the 


Pig. 253. 



I 

I 


i 1 
I ( 

! I 


\ I 
\: 


c 



. 6d4 MOUNTAINS AS REGARDS VOLUME OF THE EARTH. [Cb. XXXIII. 

sea and atmospheric influences, or obtained in solutions, has been 
spread over differently-sized areas, that these have sometimes 
moved up and down as regards the surface of the ocean, and that, 
considering rocks to have met with more elevated temperatures 
when depressed, (particularly when covered by superadded mineral 
matter above,) than when raised into the atmosphere, modifications 
have been effected in the amingcment of their component parts. 
Bearing all this well in mind, and giving considerable latitude to 
views of the tlnckiies.s of tlio earth’s surllicc wliieh may thus have 
been moved, if wc assume this thickness to extend in deptli even 
to 100 miles (a c, b d, fig. 253), wc merely arrive at tlic relative 
proportion of volume and thickness of the exterior of our planet 
shown in the accompanying diagram (fig. 254), wherein the depth 
of the 100 miles is represented by the iliick line Ibruang the 
circle. 

Fig. 254. 



Having prepared himself by this general view of the relative 
importance of the volume and diameter of the earth, and of the 
mountain ridges on its surface, the geologist will probably feel also 
disposed to regard the contortions and fractures of various rocks 
which he may discover in such ridges with reference to some cause 
acting generally over the surface of our planet, since he finds 
marked mountain ranges in all extensive areas of dry land. If, 
upon further investigation, he obtains evidence, as he will not fail 
to do, that all mountain ranges have not been elevated to their 
present positions contemporaneously, the deposits of particular 
geological periods resting upon prior-formed and disturbed beds in 
some, while in others, equivalents, in geological time, to these un- 
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moved deposits are themselves disturbed and brokmi, even, perliape, 
covered tranquilly by subsequently-formed beds, he may be indu^ 
to conclude that whatever the cause of mountain ranges, it may 
have continued in action during a long lapse of geological time, 
and may still exist.* 

Upon connecting the form, volume, and diameter of the earth 


* The following section (fig. 255) may probably be useful in showing the relative 
age of disturbed beds of rock in mountain ranges. If the rocks a «, are found resting 
quietly on the upturned strata, h 6, it is inferred that h h have been disturbed prior 

Fig. 255. 
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to the accumulation of a o ; and, consequently, if a a be a known rock in the geolo- 
gical scries, a relative date is obtained for the movement of the beds & so far as 
relates to a a. If it should so happen that there are no commonly known deposits 
absent between them, the approximate relative date of the uplifting of 5 & is obtained. 
Should it also occur, in any range of mountains or disturbed country, that other accu- 
mulations, c, are, in like manner, so placed relatively to the deposits h 5, that another 
and anterior movement of rocks can be inferred, then, in such range of mountains 
or ilisturbed district, there would have been two distinct movements, one prior to the 
pi eduction of b 6, the other anterior to the accumulation of a a. In the case of beds 
covering contortions, it becomes very needful carefully to observe them sufficiently 
oil the large scale. For example, let beds a u, in the annexed section (fig. 25C), 
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repose quietly on the contorted strata b b, and let the only portion exposed to view 
be where they arc cut by the line c ; then all the beds would appear undisturbed, and 
it would be only by moving to the right or left, and where the disturbed strata 
beneath might chance to be fairly exposed, that the real mmlc of occurrence may be 
found. This is by no means so needless a caution os might, at first sight, be supposeti, 
particularly when the bends and contortions are upon the large scale. While on this 
subject it may be useful to notice the imperfect knowledge of the dip, or inclination 

Fig. 257. 



of beds, from one view of them only, since they may even appear horizontal, as in the 
ujitiexed sketch (fig. 257), while in Feality they have been much disturbed, forming a 
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with the relative proportion of the volume and height of mountain 
ranges, such as those of the Alps, Andes, and Himalaya, it may 
suggest itself to the observer to consider how far some gcmcral cause 
for these comparatively trifling ridges and rugosities, little inter- 
fering with the even character of the surface of the world, may not 
have followed some change in tlie volume of the earth itself. 
Should he try the hypothesis of a spheroid, such as that of the 
earth, losing heat by radiation into surrounding space, by which a 
given volume of matter parted gradually with its temperature, one 
sufficient at first to keep the whole in a liquid state, perhaps he 
might be led to infer that an oxidised and comparatively cooled 
superficial covering of solidified minei’al matter, having a prevailing 
crystalline arrangement of parts, especially in its lower portion, 
might be brouglit under conditions by which it would have to 
crack and ridge up, with various adjustments as to foldings and 
fmetures, in order to adjust itself to a mass below, gradually ceasing 
to occupy some originally-supporting space beneath it. Upon this 
hypothesis, the oxidation of the various elementary substances 
constituting the mass of the mineral matter known to us on the 
surface of the globe, has to be regarded, inasmuch as such oxida- 
tion would add to the volume of the elementary substances on that 
surface, and thus alone aid in altering the exact fitting of a crust 
of mineral matter upon the remaining portion of the earth beneath, 
the elementary substances in which had remained uncliangcd. 

Be this as it may, and whatever the hypothesis employed to • 
arrive at the cause of mountain chains, it appears desirable so to 
examine into the facts connected with the arrangement of the masses 
of mineral matter of which mountain ranges may be composed, that, 
while all due regaid be paid to individual chains, observation should 

portion of some bent or contorted rooks, as is shown in the follow ing view (fig 258), 

Fig. 258. 



supposed that of the same cape (p, in both figures) on a coast projecting from the 
mainland, a a. 
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also be directed to the subject on the laiger scale. The earth so 
little differs from a sphere in form, that, in investigations of this 
kind, it may be regarded as one composed of matter upon which 
some general action, tending to ridge its surface, might also produce 
results on that surface of a definite general kind, supposing forces 
and resistances, and all other circumstances, equal. It is in this 
supposition of exactly equal conditions that there may be much 
difficulty with such relatively minor volumes of matter as mountain 
chains, so that even inferring some constant action, it may be so 
m(Klified by circumstances as to be materially concealed from obser- 
vation. To the direction of lines of disturbances on the earth’s 
surface, productive of mountain chains, or otherwise, as may have 
occurred, much attention has been given of* late years, in conse- 
quence of the labours of M. filic de Beaumont on this subject 
He has inferred that there is evidence to show that, during the 
lapse of geological time, the disturbances of the earth’s crust have 
been eflected in given directions, at certain times, and that these 
disturUxnces have taken place along considerable fractions of the 
great circles of our planct.f He has further considered that. there 

* The first account of the views of M. Elic de Beaumont on this subject was com- 
municated to the Acatlemy of Sciences of Paris, in June, 1829. 

t M. Klie de Beaumont remarks, in a communication to the author, in 1831 (Geo- 
lojdcal Manual, 1831), “ Pursuing the subject, as far as my means of observation and 
induction will permit, it has api)eared to me that the diflerent systems (of mountains 
and disturbed rocks), at least those which are at the same time the most striking and 
recent, are comjwsed of a certain number of small chains, ranged parallel to the semi- 
circumference of the earth's surface, and occupying a zone of much greater length 
than breailth ; and of which the length embraces a considerable fraction of one of 
the great circles of the terrestrial sphere. ♦ ♦ ♦ The secular refrigeration, that is to 
say, the slow diffusion of the primitive heat to which the planets owe their spheroidal 
forms, and the generally- regular disposition of their beds from the centre to the 
circumference, in the order of specific gravity,— the secular refrigeration, on the 
march of wdiich M. Fourier has throw n so much light, does offer an element to w'hich 
these extraordinary cfiects (the elevation of mountain chains) may be referred. This 
element is the relation which a refrigeration so advanced as that of the planetary 
bodies establishes between the capacity of their solid crusts, and the volume of their 
internal masses. For a given time, the temperature of the interior of tlie planets is 
lowered by a much greater quantity than that on their surfaces, of w hich the refrigera- 
tion is now nearly insensible. We are, undoubted!}', ignorant of the physical pro- 
perties of the matter composing the interior of these bodies ; but analogy leads us to 
consider, that the inequality of cooling above mentioned aould place tlieir crusts 
under the necessity of continually diminishing their capacities, notw'ithstanding the 
nearly rigorous constancy of their temperature, in order that they should not cease 
exactly to embrace their internal masses, the temperature of which diminishes 
sensibly. They must therefore depart, in a slight and progressive manner, from the 
spheroidal figure proper to them, and corresponding to a minimum of capacity ; and 
the gradually-increasing tendency to revert to that figure, whether it acts alone, or 
whether it combines with other internal causes of change which the planeto may 
contain, may, with great probability, completely account for the ridges and pro- 
tuberances which have been formed at intervals on the external crust of the earth, 
and probably also of all the other planets.** 
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have been several distinct systems of disturbance, each marked by 
a given direction. When more recently describing some lines of 
this kind which he considers referable to certain systems, succeeding 
each other in the order of geological time, and all of relatively 
ancient geological date, M. Elic de Beaumont takes occasion to 
remark, after alluding to the systems of small arcs of great 
circles, that, the fundamental problem presented by a like system 
of‘ small arcs observed on the surface of the globe, where they arc 
marked by the crests of mountains or by the outcrop of beds, consists 
in determining the great circle of comparison, to one of the elements 
of which each of the small arcs observed is parallel.”* Thus wliile 


* “ The small arcs determined by observation,” continues M. Elie de Beaumont 
(Bulletin de la Soc. Geologiquc de France, t. 18i6-7), “ may bo generally considcre<l 
as being themselves infinitely small secants, or tangents to so many sn** 11 circles 
resulting from the intersection of the surface of the sphere with planes parallel to 
the great circle of comparison, forming the equator of the whole system. Each of 
these small circles is a parallel w'ith respect to the equator of the system ; it has the 
same polos as it, and these i)<)ics are the two points where all the great circles per- 
pendicular to the small arcs, constituting the system of parallel traces detenmined by 
observation, intersect. 

“ The problem arising from siich a system of parallel traces observed on the surface 
of the globe consists in determining these two poles, or, which amounts to the same 
thing, its equator, i.e.^ the great circle of com)mrison to which each of the small arcs 
observed may be considered as parallel. This determination,” observes M. Elie dc 
Beaumont, “ would he easy, and might he made after two, or at least a few observa- 
tions, if the condition of parallelism were rigorously satisfied : since, however, tl is 
in general is hut approximately accomplished, the determination of the great circle 
of comparison can only follow from the means of numerous observations, well com- 
bined with each other; ami thus, while the observations are not very multiplied or 
spread over a wide space, we can only atlvance tow ards this determination by suc- 
cessive approximations.” 

As it would be quite impossible to present a correct view of the different systems 
of disturbance, without the needful tables and calculations on which he has foiindod 
them, and which w’ould he here out of place ; and ns it would moreover be extremely 
difficult satisfactorily to abridge the very condensed statements of M. Elie de Beau- 
mont, we would refer the geological observer to his memoir in the “ Dictioniiairc 
Universclle d’Histoire Naturelle,” t. xii. p. 167, and to his more extended and recent 
general work on this subject, entitled “ Notice sur Ics Systemesdo Montagues,” Paris, 
1852, in which he has treated the subject still more at large, and up to the present 
time, and where all his views respecting the great disturbances on the earth’s surface, 
produced at distinct geological times, will be found. 

In a note “ Sur la Correlation dcs Directions des difforents Systemes de Montagues ” 
(Comptes Rendus, 9 Septemhre, 1850), M. Elie de Beaumont calls attention to the 
present known direction^ of mountains, and their adjustment to fipmtagonal network 
formed by the intcraecion of fifteen great circles of the sphere. For the mode of 
investigation on which this view is founded, our limits compel us to refer to the 
memoir itself. M. Elie de Beaumont concludes his note by remarking that “the 
fifteen circles which divide the surface of the sphere into twelve regular pentagons 
possess the property of the minimum contour of the system of lines of most easy 
crushing (plus facile ('crasernent). If the ridging of the earth’s crust were simul- 
taneously produced, these fifteen circles would, perhaps, be alone traced j but as the 
production of the diflerent systems of mountains has been successive, the octahedral 
dodecahedral, and others, have probably been the forms necessarily intermediate in 
passing from one to the other of the fundamental circles.” 
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estimating the directions of disturbance at different geological times, 
with reference to the views of M. Elic de Beaumont, the observer 
would have to bear in mind the great circles of comparison to which 
the directions of any ranges of‘ mountains, or masses of disturbed beds 
are to be referred. 

In investigations of this kind, the geologist has to consider not 
only any exertion of force tending to disrupt portions of the earth’s 
surface, acting generally or partially, but also the kind of resistance 
offered, one which may be materially modified by any variable 
thickness of the solid matter acted upcm, and by variations in the 
coherence of portions of that matter. As in all movements of this 
order, differences in the lines of least resistance to some given force, 
independently of those in that force itself, would produce very 
marked differences in the ranges of disturbed rocks, especially on 
the minor scale, in researches of this kind it may not be easy always 
to estimate very correctly the value of* a so-called minor scale. If 
an observer, aware of the general geological structure of* the British 
Islands^ and of a few thousand square miles of the adjoining portion 
of tlie continent of Europe, duly weighing the probability of the 
mode of occurrence of* the different rocks to a depth not extending 
to even more than three or four miles, suppose this mass of variably- 
accumulated matter to be ridged, squeezed, and contorted by a force 
acting in some given direction, so as to produce a lofty chain of 
mountains like the Alps or the Himalaya, he would expect that 
very material minor modifications are not unlikely to be produced 
in the direction of the various parts, and even that these might 
extend and interfere with the direction of the range itself*. K the 
great masses of* igneous rocks, such as the granites of various parts 
of* the area mentioned, arc to be infcn'cd as, so to speak, anchored 
somewhat firmly beneath, a crush, acting upon them and the dc- 
trital accumulations by which they may be surrounded superficially, 
or be covered by to various depths, would be expected to be marked 
by an arrangement of the mineral matter in accordance with its 
different colicrcncc, form, and thickness. , 

As during the progress of geological time so^much of the earth’s 
surface, formed of cither igneous products or strewed over with 
detrital, or chemically-deposited matter of various kinds, as also 
with the remains of animal and vegetable life, has been covered by 
more modern accumulations of the like kind, even now, over wide- 
spread areas, concealing tliem, it becomes no easy task for the 
geologist to picture to himself the surface conditions of our planet 
at given periods, so tliat the disturbed and undisturbed portions 
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may be duly estimated. Tins becomes the more difficult as his 
investigations extend to the earlier periods, since not only may so 
much of the then surfaces of the earth be now buried beneath more 
modem accumulations, but even the ridging of such surfaces, con- 
stituting mountains, may have been obliterated by that action of 
the sea and atmospheric influences to which the term dehudojtim 
has been applied. Looking at these sources of the removal of 
mineral matter, and for the moment inferring all other conditions 
to be equal, the older a range of mountains the less should we 
expect the remains of* it ; and conversely, the more modern the 
range the more should we expect to find it unaltercHl in its form 
and general character. Here at once the dillcrences in the otlicr 
conditions present themselves. Con tcmporuncoiisly-prcxl need ranges 
of mountains, and even portions of them, may have been aofed n|)on 
very variously. One range, or part of it, in some given area, might 
remain as when thrust into the atmosphere, modified only hy the 
influences to wdiicli it has been therein cx])osed, while in another 
area, or part of one, the land may have been dej)rcsscd beneath and 
raised above the sea level, even several times, with the attendant 
consequences of either new coverings or the removal of’ mineral 
matter thence arising. 

Fortunately in Europe and America large tracts arc found, 
where the beds of the older fossillferous rocks still occupy po- 
sitions not very different from those of their accumulation, and 
wide-spread areas have changed their relative levels, as regards that 
of the sea, so in mass, that these old sea-bottoms became large 
portions of dry land, without the folding and crushing of their 
component beds. Other considerable areas of like kinds may pro- 
bably be detected when extended, and as yet little explored regions 
become better known. Be that as it may, these old undisturbed 
portions of the world’s surface become important, from pointing 
out those parts of it which have escaped the ridging, squeezing, 
and contortions to be found in many other localities. If* we could 
obtain such yomewhat widely dispersed, they would aid consider- 
ably in separating tbe undisturbed from the disturbed portions of 
the earth’s crust, so far as regards the squeezing or contortion of 
them, though not, as is obvious, those which may have been lifted 
and let down bodily in a horizontal or nearly horizontal manner. 
When we find, as in the great north and south range of the Ural 
mountains, these same accumulations squeezed and disturbed as a 
whole, and in a marked line, and the relative date of the disturb- 
ance can be approximately inferred, as has been done by Sir 
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Roderick Murchison and his colleagues, Count Keyserling and M. 
de Verneuil,* the geologist obtains a knowledge, not only of the 
time up to which these portions of the earth's surface may have 
remained without such disturbance, but also of the direction of the 
line or lines along which it was effected. 

The mountain ranges of the world, occurring in so many parts of 
its surface, seem all marked by evidence of the squeezing and con^ 
tortion of the different accumulations disturbed, as fer as researches 
have yet extended. While some show igneous matter to have 
risen up in somewhat considerable abundance, and apparently 
when these disturbances were effected, it is not discovered so com- 
monly in others. This may merely depend, all other things being 
equal, upon the amount of‘ mineral matter* of another character 
which has been removed, or upon that matter having been so ad- 
justed as to conceal the igneous rocks. Much caution is therefore 
needed when an observer may be engaged in this kind of inquiry. 
Tluis, in some granitic ranges, such, for example, as those above 
noticed in South-western England and South-eastern Ireland, we 
may only have the remains of former chains of mountains. 

To obtain very close approximations in ranges of mountains, 
to tlie amount of folding, contortion, or fracture of the various 
rocks acted upon in the manner mentioned, sections should be 
formed proportionally representing these circumstances. Usually, 
however, no great exactitude Is attempted, so that sections of 
mountain districts merely afford very general views on the subject. 
Even these, nevertheless, arc sufficient to show the great lateral 
pressure to which the whole, abstracting any igneous rocks 
(apparently introduced during the time or times of such disturbing 
action), has been commonly subjected. The observer often finds, 
when following some given series of beds, presenting charactei’S 
sufficiently marked for the purpose, and proj^erly weighing the 
evidence as to gaps, due to the openings from fractures, that if 
sucli contorted beds could be again laid out flat, as when deposited, 
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they would have to be spread over a -greater superficial area than 
they now occupy. Thus, if in the annexed section (fig. 259), 
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the curved and contorted line represents the foldings and con- 
tortions of a pven series of beds, e h, on tlie flank of some moun- 
tun chain, such as the Alps, and, allowing for fractures and 
portions removed, if that line' be reduced to a straight one, a i, it 
will be evident, that a lateral extension to the amount of the dis- 
tance a d, will be required for the return of these beds to their 
original position, supposing, for illustration, the point b to have 
remained firm. In like manner, if instejul of one flank only of a 
range of mountains, thus exhibiting a folding and contortion of its 
beds, both flanks do so, and a section across the whole range shows 
these to be of the kind represented beneath (fig. 260 ), then the 
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line c dy would represent the distance required for the flattening 
of the folded and contorted beds, instead of that of a giving 
the distance now occupied by them. If the points a and 5, be 
inferred to have remained relatively firm, as respects distances 
outside them, then there has been a diminution in the distance be- 
tween them, equal lo c a+h d, the beds previously occupying the 
distance c d, being so folded and bent as not to extend beyond a 5. 
Hence, also, a motion from c to a, and from d to 5 is inferred, and 
supposing the substances of these beds sufficiently yielding, this 
might be accomplished without a break at/. Considering breaks 
to have been formed at the chief bends, as at o, o, o, o, the dis- 
tances for the relative movement c «,*and b c?, may be somewhat 
altered, fractures of the kind represented beneath, in fig. 261, 


Fig. 261. 



being to be taken into account, c being a line of fracture along 
which the beds a are considered to have slid to 6. 

A diminution of the area previously occupied^by* these folded 
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and contorted beds having been thus effected, the observer has to 
see whether on the one side of a mountain chain or the other, or 
on both, there may be any evidence in favour of lateral pressure 
acting from without inwards, or if there may appear any in fevour 
of a great fissure or fissures, in the ranges of the moimtains them- 
selves, against the sides of which the rocks moved, and had ad- 
justed themselves according to the action of gravity, and the 
lateral thrust upon yielding materials outwards. The usual im- 
pression left, by even the general sections given of ranges of 
mountains, such, for example, as those of the Alps, is, that there 
has been an elevation of their component rocks in the direction of 
these main ranges, and that they have adjusted themselves late- 
rally to meet the force of gravity acting vertically upon the upraised 
mass.* Inferring the needful pressure, it would be expected, that 
molten matter beneath the masses moved, would be ready to enter 
amid any openings effected, as far as that pressure permitted, this 
intruded matter tending to brace much of the fractured beds to- 
gether, upon cooling. An intrusion of such molten rocks, might, 
therefore, be among the consequences of the action producing the 
elevation of the mountain range, and be more or less important, 
according to circumstances. 

Geologists arc indebted to the Professors Rogers for observations 
on an extensive district in North America, one of about 195,000 
square miles, which have led them to point out an arrangement of 
tlie bends and foldings of disturbed rocks in accordance with the 


* Respecting the folding of beiis by vertical and lateral pressure, Sir Janies Hall, 
long since as 1813 (Transactions of the Royal Society of Edinburgh, vol. vii., p. 86), 
showed that this could easily be imitated artificially by taking various pieces of cloth, 
placing them horizontally on some tabic, c (fig. 262), pressing them downwards by a 

Fig. 262. 
a 



weight, a, acting parallel to the plane of the table beneath, and by applying force 
laterally, 5. In experiments of this kind, it fs not, however, necessary to have the 
top weight, a, since if the cloth be in proper quantity, its gravity alone will be suffi- 
cient to produce the contortions, and a more exact resemblance to nature be obtained. 
By moving only one side, or both, as thought desirable, a very interesting illustra- 
tion of the contortions of beds may thus be easily seen. 


2 t2 
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distance from the application of force. A careful examination of 
the Appalachian zone, as they term that region, showed that it is 
marked by five great belts, which, when crossc^l from soutJi-cast to 
the nortli-west, exliibit the greater flexures in tlie first belt, or that on 
the south-east of the Blue Ridge or Green Mountain Chain. 1 he 
component beds of the belt arc doubled into enormous, closely com- 
pressed alternate folds, dipping almost exclusively to the south- 
east at angles varying from 45^ to 70^. In the third belt, the beds 
are less compressed, the northern side of each anticlinal curve* 
approaching nearly to verticality. In the fourth belt, that of the 
central Appalachians of Pennsylvania, Virginia, and Tenessce, the 
convex and concave llcxnres progressively expand, the steepness of 
the north-west side of each anticlinal gradually diminishing. In 
the fifth belt, that of the coal region of the Alleghany and Cumber- 
land Mountains, the curves dilate, and subside into broad sym- 
metrical undulations with gentle dips. The folds and undulations 
of the beds occur in gi'oups, the several axes being very nearly 
parallel and similar in the character of flexures, many of the larger 
antlcllnals having a length of 80 or 100 mlles.t With respect to 
dislocations of these beds, two systems arc noticed, one of short 
fractures nearly perpendicular to the direction of the anticlinals, the 
other ranging with them, and often of considerable amount. The 
longitudinal dislocations (and some in Virginia have a length ex- 
ceeding 100 miles) arc inferred to be broken flexures, the fracture 
almost invariably occurring on the north-western or inverted sides 
of the anticlinals, and having a moderately steep south-eastern dip. 
Some of these great fractures have thrown the portions of once 
continuous beds not less than 8,000 feet asunder, measured perpen- 
dicularly t(; the surfaces of the strata. After an examination of the 
disturbed rocks of the Alps, Jura, and of the district of the more 
ancient fossiliferous rocks of the Rhine, Professor H. Rogers con- 

* In a vertical section of rocks, of which the following line A, c (fig. 263) repre- 

Fig. 263. 




sents the bends from pressure, a, a, a, would be the anticlinal, and the synclinal 
curves. 

t As regards the distances of the contiguous great folds, they are stated to be 
lesa th^in one mile in the south-eastern belt, in the central belt between one and two 
miles, and in the north-western belt the flexures have an amplitude of from five to ten 
miles. 
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siders that in these localities also the like flexures and plications 
arc observable.* 

To produce a system of flexures and plications, such as that 
described by the Professors Itogcrs as occurring in North America, 
would not only seem to require great lateral pressure, but also a 
somcwliat uniform and general yielding of the various beds moved 
during the whole time that the needful action was prolonged. Ha^l 
there been large volumes of intermingled or deep-seated masses of 
igneous r(x;ks, offering different resistances to the force employed, 
much modifications in the resulting flexures and plications would 
be expected, the softer and less-consolidated beds being even occa- 
sionally squeezed over the large masses of the hard igneous rocks. 
Thus it might happen that when such igneous rocks were in 
abundance, many masses being deep-seated, the results of an appli- 
cation of force along an extended line of action would be so 
modified as to offer considerable difficulty in tracing the various 
flexures and plications to such line. In all cases, as well that of 
the great Appalachian zone, as in the masses piled up to more 
marked heights, such as in the Alps and Himalaya, a shortening 
of the space previously occupied by the component beds appears 
required (fig. 260, p. 642). 

Whether the observer be engaged upon the examination of flex- 
ures or plications amid ranges of mountains or less highly-elevated 
portions of country, it is very desirable not only that he should 
duly appreciate the amount of the folding and bending of the 
accumulations disturbed, but also the real outline of the districts. 
Without a proper reference to tliis outline, the most exaggerated 
views may be entertained of the importance of heights and depres- 
sions, especially of mountainous regions, relatively to their dis- 


* upon examining the Devonian rocks of the Rhine, Prof. II. Rogers inferred, 
that the entire region composed of these and the carboniferous series exhibits the 
effects of the Ians of flexure and plication found in ihe Appalachians, and he points 
to a section from south-east to north-west, either through the Taunus to ^Vestphalia, 
or by the Rhine from Bingen to llcmagcn, or from the Hundsrnck to the coal region 
of Liege, ns showing an almost universal south-eastern dip, resulting from the close 
oblique folds with steep or inverted dips to the north- wqst of each large anticlinal, 
lie further remarks, that on approaching the northern side of the district the flexures 
become progressively more open, and that the inequality in the dip of the sides of the 
anticlinals diminishes, so that in this case also the force would appear to have been 
applied on the south-east. In the Jura, the Professor considers the nnticlinnls to have 
one side of the arch more incurved than the other, but not inverted, and that while 
the ridges are higher next the great plain of S>fit2erland, all the individual flexures 
are steepest towards the Alps. In the Alps, he infers the axis-planes to dip iuwai'da 
from both flanks towards the central portion, so that tlie masses arc folded in op|H>site 
directions ; the plications of the Bernese Oberland dipping south, those of the cliniu 
of the St. Gothard and the Simplon towards tlie north. 
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264. tanoes ; an exaggeration very detrimental to a just appre- 
ciation of the relative mass of such mountains as compared 
with the less elevated and more moderately marked fea- 
tures of countries amid which they may occur. Tlie 
accompanying section (fig. 2(34) may serve to show the 
relative importance of the elevation and imiss of tlic Alps, 
from the Jura to the central ridge, in a line traversing the 
lake of Geneva and the summit of Mont I31unc, the scale 
being the same for heights and distances.* In this section 
3 represents the Jura; tlie lake of Geneva; the 
Voirons ; w, the Mole; a, the Aiguille de Varens; 5, the 
Breven ; mb, the Mont Blanc, and e, the Crament. 

In certain regions where the diminution of an area, once 
occupied by a given series of beds, spread out lioriztm tally, 
is effected by flexures and plications, these deposits 
even crumpled in various planes, and where also larger 
flexures may still be traced amid the annplicated adjust- 
ment of particular portions, considerable masses of igneous 
rocks, often granitic, may be detected. The chance of 
some of these masses having risen in a molten state when 
they could move upwards from the required pressure 
upon them, has been already noticed. While the ex- 
posure of certain of them may have resulted from the 
removal of mineral matter by denudation (p. 574), 
others again appear more to have occupied some space 
against or between folded and contorted beds, into wliich 
they could freely enter in a viscous or pasty state. The 
Professors Eogers have pointed out that the mere injec- 
tion of liquid and molten matter could scarcely produce 
the effects observed in the disturbed beds adjoining them, 
when such matter is considered to form a portion of a 
general mass of the same kind beneath. Whatever the 
cause of such juxtapositions of masses of igneous matter, they 
have to be properly considered, and it is always desirable 
to compare tjie space occupied by them with that lost by 
the folding and plication of the beds disturbed, so that the 
resemblance or difference may be apparent.f Under any 
hypothesis, the sliding of no inconsiderable portion of 


* Keduced from the secUon by the Author, inserted in “Sections and 
Views illustrative of Oeulo(^eal Phenomena.” 1R3(). 

+ With regard to large and wide-spread masses of granite amid disturbeil dctrilal 
beds, It may he desirable to bear in mind, that, like volcanic matter of the present 



Ch. XXXm.] CONTORTED COAL MEASUBBS OF SOUTH WALES. S47 


mineral matter on the earth^s surface seems required, and duly 
to appreciate its amount, it becomes needful to b^r in mind the 
probable proportion of the original depth of the strata moved to 
the breadth of the surface acted upon. If, for example (some of 
the faults observed where plications in the Appalachian zone 
have snapped, being, according to the Professors Rogers, 8,000 
feet), we take two miles of thickness for the beds moved, 150 
miles for their present breadth, measured across their range, and 
allow one fifth more for their breadth in their prior extended 
form, the proportion of the thickness to the breadth of the mass 
disturbed, and more or less slid over some fitting surface beneath, 
would be about 1 : 90. 

Of flexures and plications of beds, the fossiliferous rocks of 
Europe in many localities afford excellent examples, and of various 
geological dates. In the British Islands there are abundant oppor- 
tunities for their study, as well on the minor as the larger scale. 
Some of those in Wales and parts of Ireland are well worthy of 
attention, not only for the folding of igneous products of various 
kinds amid the ordinary detrital deposits with which they are 
associated, but also for the apparent adjustment of more yielding 
to more resisting rocks to each other when exposed to lateral 
pressure. Some of the contortions of the coal measures of South 
Wales are of a very illustrative kind. As an example, the follow- 
ing section near Tenby (fig. 265) may be noticed, as the lowest 


Fig. 265. 



part of the rocks shown near that town are tilted over, so as to 
have the false appearance of having been deposited after those 
which they really support; the mountain limestone scries, a, 
appearing to repose at Tenby, r, (from the part of the curve there 
visible,) upon the coal measures ; d rf, being the level of the sea, 
Certain lower beds of this limestone series are brought up, by a 
bend of the strata, at b, c, c, e, represent various*shales and sand- 
stones of the coal measures. There are dislocations, or faults, at/ s, 
and w V is Waterwinch, on the northward of Tenby. A still more 
considerable apparent inversion, from the same reason, is to be seen 


time, these may themselves be reheated in plrt after consolidation in their higher 
portions, and after the first uplifting, when fissures formed in the prior deposits were 
evcii filled with the then molten rock, so that, pressure continuing, these resoftened 
portions could be squeezed up like the beds of the prior*formcd deposits, still further 
thrusting the latter on one side. 
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on the shores of part of Milford Haven (Langum Ferry), at a few 
miles westward I'rom Tenby, where old red sandstone rests inclined 
on mountain or carboniferous limestone, and this again upon the 
coal measures.* 


In movements of this kind, even disturbances in the arrangement 
of the component parts of the beds themselves would be expected 
according to their relative positions, and that of such component 
parts. Thus, with an interstratification of sand and mud, slightly, 
if at all, consolidated, if a squeezing lateral motion be applied to 
these beds collectively, they would yield relatively to their 
respective resistances. Of this class the minor contortion of‘ the 
component parts of some sandstones interstratlfied with shale beds, 
of the older l()Ssilifcrous rocks at Bewly Bay, Waterford Harbour, 
as shown in the accompanying section (fig. 266), may be '.aken as 
Fig. 266 . example. The minor portion of the 

sandstone beds, a, a, a, a, are there seen 
contorted, as in disturbed masses of rock 
on the large scale, while the shale 5, 5, 
(formerly mud) has slid and adjusted 
itself in a less marked manner, though 
its particles may have been also moved. 
The sliding of more consolidated over less hard beds the ob- 
server will often find well shown, as also the marks of friction 



produced upon the adjustment of such consolidated beds as 
could move upon or against each other, the striation being 
Fig. 2G7. often beautifully exhibited. f Pressure 

n g. movements of this kind may be well 

seen in Pembrokeshire among the coal 
'' measures, some coal beds having so given 

''' J \N before the general force, that their 

\ component parts have been squeezed, in 
a ^ ^ the manner represented (fig. 267), into 

the outer portion of the flexures, a, a, while the roofs and bases 
of the coal beds are brought into contact between them. 




* With respect to such inversions, as they are sufficiently common amid series of 
beds bearing the same geological names, tlieir occurrence in a sequence of accumula- 
tions is merely the same thing made to appear somewhat more important from different 
names being assigned to different parts of the accumulations moved. 

t In the so-much-visited Alum Bay. in the Isle of Wight, where various tertiary 
beds are turned up vertically, the squeezing of parts of the clays against each other 
is well exhibited. This is particularly well seen in the white pipe-clay bed, contain- 
ing fossil plants. 
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FAULTS, 

• 

Not only has the geologist to direct his attention to the fractures 
effected by the snapping of plications, when the rocks acted upon 
have been incapable of further flexure, as a mass or in part ; but 
also to numerous lines of fracture, sometimes of considerable length, 
which traverse beds and masses of rocks, where violent squeez- 
ing into great plications and flexures has not occurred. For such 
lines of fracture, the mining term fault has now been adopted.* 
Sometimes, when even of considerable length, they are accom- 
panied by very minor dislocations, the sides of the fractures nearly 
corresponding ; at others, the fracture has resulted in a separation 
of the beds, perpendicular to their surfaces, of several thousand 
feet, and yet the fracture not be on the bend of a plication. Being 
of importance in mining districts, and mineral veins being com- 
monly the filling up of spaces consequent on them, the range of 
these fractures becomes better known in such districts than they 
would otherwise be ; at the same time, however, in rfumcrous other 
districts, where beds of marked and dissimilar mineral structure 
occur, they may be readily traced.^ 

The range of these fractures and the relative time of their pro- 


* A term derived from the miners, chiefly th(%e working coal, who, when these 
dislocations are met with, often find themselves at faulty the amount of the dislocation 
produced not being always clear. They arc also known as trembles by the miners. * 
t The geologist will find faults traced with great care in many of the maps of the 
Geological Survey of the ITuitcd Kingdom, ns, for example, in Sheets 36, 37, 41, 42. 
55, 56, 61, 7 1, and 7‘J of the Great Kritain series. 
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ductlon have of late occupied much attention. Their mode of 
occurrence has especially engaged the attention of Mr. Hopkins, 
who has investigated the conditions under which directions would 
be taken by fissures, either formed at the same time, or at periods 
subsequently to each other, seeing if thp anticlinal lines and other 
disturbances and dislocations of rocks mfi^ not be referable to some 
“ widely-diffused action of some simple cause, general in its nature 
with respect to every part of the globe, and general in its action, 
at least with respect to the whole of each district, throughout which 
the phenomena are observed to approximate, without interruption, 
to the same geometric laws.”* Mr. Hopkins commences, as to the 
action of an elevating force, with as simple an hypothesis as he 
ccnceives the subject will admit. “I assume this force,” he 
observes, ‘'to act under portions of the earth’s crust of coiHlderable 
extent at any assignable depth, cither with uniform intensity at 
every point, or in some cases with a somewhat greater intensity at 
particular points ; as, for instance, at points along the line of 
maximum elevation of an elevated range, or at other points where 
the actual phenomena seem to indicate a more than ordinary 
energy of this subterranean action. I suppose this elevatory force, 
whatever may be its origin, to act upon the lower surface of the 
uplifted mass, through the medium of some fluid which may be 
conceived to be an elastic vapour, or in otlier cases a mass of 
matter in a state of fusion from heat.”*!* 


* Hopkins, Researches in Physical Geology ; Transactions of the Cambridge Philo- 
sophical Society, vol. vi., part i. 

t “The first efiect of our elevatory force,’* continues Mr. Hopkins, “ will, of coiiisc, 
be to raise the mass under which it acts, and to place it in a state of extension, and, 
consequently, of tensimi. The increase of intensity in the elevatory force miglit be 
so rapid as to give it the character of an impulsive force, in which case it w'ould be 
impossible to calculate the dislocating effects of it.” He, therefore, aUays assumes 
“this intensity, and that of the consequent tensions to increase eontinuously, till the 
tension becomes sufficient to rupture the mass, thus producing fissures and disloca- 
tions,” the nature and position of which are his first objects of investigation. “ These 
will,” he proceeds, “ depend partly on the elevatory force, and partly on the resistando 
opposed to its actidn by the cohesive jwwer of the mass. Our hypotheses respecting 
the constitution of the eleyated mass are by no means restricted to that of perfect 
homogeneity ; on the contrary, it will be seen that its cohesive power may vaiy in 
pneral, according to any continuous law, and, moreover, tliat this power, in descend- 
ing along any vertical line, may vary according to any discontinuous law, so that the 
truth of our general results will be independent, for example, of any want of cohesion 
between contiguous horizontal beds of a stratified portion of the mass. Vertical, or 
nearly vertical, planes, however, along which the colicsion is much less than in the 
mass immediately on either side of them, may produce considerable modifications in 
the phenomena resulting from the action of an elevatory force. The existence of 
joints, for instance, or planes of cleavage in the elevated mass, supposing the regularly- 
jointed or slaty structure to prevail in it previous to its elevation, might oficct in a 
most important degree the character of these phenomena.” 
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After investigating the action of the elevatory force supposed 
upon a thin lamina, and the direction of the fissures according to 
various conditions, parallel upon the single application of that 
force, Mr. Hopkins in applying his researches* to a mass of three 
dimensions, deduces, among other important conclusions, that, “ if 
the mass be subjected to two systems of parallel tensions of which 
the directions arc perpendicular to each other, two qrstems of 
parallel fissures may be produced, of which the directions will be 
perpendicular to each other.” No two systems of parallel fis- 
sures,” he Infers, “ could be thus formed, of which the directions 
should not be perpendicular to each other.” ‘‘If the fissures in 
either of tliesc systems be near to each other, they could not have 
been formed by such tensions as we have been considering, in 
succession. They must have been formed simultaneously in each 
system. One system, however, might be formed at any time sub- 
sequently to the other.” The modifications produced by different 
conditions are pointed out, and Mr. Hopkins remarks upon the 
sense .in which the term parallelism, in these investigations, should 
be regarded. He observes that, “if the size of the mass be com- 
paratively small, and its boundary irregular, this property would 
altogether cease to characterise the phenomena.”t 

Reflecting upon the modes of accumulation, as well of igneous as 
of aqueous deposits, and upon their variable admixture in different 
localities and at different times, the observer will be led to infer 
that homogeneity of structure in considerable masses of the mineral 
matter distributed over the earth’s surface would not very frequently 
be found. Bearing this in mind, as also tliat in the active volcanic 
districts of the world there is evidence of the varied intensity of 
igneous action somewhat irregularly distributed beneath a certain 


* As it is out of place in a work of this kind to enter sufficiently into the investi- 
gations of Mr. Hopkins, further than to show their general bearing, we would refer 
for the mode of investigation, and the manner in which the varied results are pro- 
gressively developed, to the Memoirs themselves, as given in the Cambridge Philo- 
sophical Transactions, w’here the observer will find the subject fuUy treated. 

t Mr. Hopkins remarks, that “ if we suppose the superficies of our elevated mass to 
be of finite length, and to be bounded, for instance, by a^ine approximating to the 
form of an elongated ellipse, the direction of the fissures in the transverse system, as 
we approach towards either extremity of the elevated range, will gradually change 
from perpendicularity with the major axis (the axis of elevation) till they become 
parallel to it at the extremities of the ellipse, always preserving their approximate 
coincidence with the directions of the lines o^ greatest inclination of the general 
surface of the mass. The fissures of the oUier system will be approximately perpen- 
dicular to these lines. In this case, then, the two systems will be no longer ebar^- 
tcrised by any constant relations which their directions bear to that of the axis of 
elevation, and, therefore, the terms longitudinal and transverse will cease to designate 
them so correctly as in other cases.** 
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amount of the earth’s crust, interferences with fractures of the 
regular kind above mentioned will probably suggest themselves. 
Nevertheless, it is highly desirable that he should endeavour to 
classify the fractures found so commonly in various parts of* the 
world with reference to views on the large scale, so that he may 
look beyond the details of some given locality, and endeavour to 
arrive at general conclusions as to the cause of any faults and dis- 
turbances of deposits in it by following out their directions, differ- 
ences of date, and such other circumstances as the conditions under 
which they are presented to his attention may permit. 

The directions of fractures, if even merely those without tliat 
movement of either of their sides which sliould cause them to bo 
faults, having been carefully noted, the relative geological dates of 
their production may not always be so easy to ascertain. It is 
found that, in certain districts, we may have several of iilffercnt 
geological dates, and yet the whole be uncovered by any deposits 
of which the relative time of acccuinulation may be ascertained, so 
that the probable date of the whole or some of these faults and 
fissures may remain uncertain. Unfortunately, this uncertainty too 
often prevails. At the same time, careful observation will some- 
times enable the geologist to obtain soinewhat fair evidence of the 
relative dates of these fractures, and from such evidence probable 
inferences as to those of others may be occasionally drawn. For 
example, there is evidence of north and south fractures having 
traversed the old red sandstone, mountain limestone, and coal 
measures of Somersetshire, anterior to the accumulation of* the new 
red sandstone series of that district, and posterior to the bending 
and contortion of the former rocks, the faults traversing these 
contortions even at right angles, and the older rocks having been 
worn down after the 1‘racturcs, the lowest beds of the new red sand- 
stone series of that cfmntry reposing tranquilly upon the faulted 
and abraded older rocks. We may refer, in further illustration of 
this circumstance, to the geological map of the Mendip Hills, pre- 
viously given (Jfig. 107, p. 478), where faults, r, r, r, r, somewhat 
parallel to each other, and having a north and south direction, cut 
through old red sandstone (1), carboniferous limestone (2), and coal 
measures (3), so that, from an irregular curve of these beds having 
been traversed, scarcely any horizontal movement in the present 
denuded exposure of this part of the Mendip Hills is seen on the 
uprth, while there appears a considerable shift on the south. These 
faults arc observed, as far as the surface is concerned, to stop at the 
lias (6) and new red sandstone (5) on the north, and the only one 
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traced completely across to terminate at the inferior oolite (7) on 
the south. This apparent and superficial termination of the faults, 
arises from their having been formed anterior to the deposits of the 
inferior oolite, lias, and new red sandstone. The chief fault is well 
known to traverse the coal mines beneath a continuation of these 
rocks, on its range northward, and is ascertained to be covered over 
horizontally by them all N. W. from Radstock. Thus, in this case, 
the date of these faults would be after the disturbance, and the 
flexure of the coal measures in that district, and anterior to the 
accumulation of the new red sandstone series (including its dolo- 
mitic conglomerate) in the same district. Hence other faults in the 
vicinity having the same range might be iufciTed to have been 
contemporaneously produced with them, the more especially as at 
Wick Rocks, five miles from Bath, there is also evidence of faults 
traversing the coal measures, these having been subsequently and 
quietly eovered by beds of the new red sandstone series. That all 
the faults traversing any denuded or uncovered portion of the older 
rocks pf the same district, were of the same relative date, is shown 
not to be probable by finding some traversing the higher deposits 
themselves, both on the north and south of the Mendip Hills, the 
clilc'f of these taking an east and west direction, so that, fortunately, 
in this limited district, an observer may learn the value of caution, 
as to the relative dates of faults.* 

As to the exposure of faults, and inferences as to the dislocation 
of one series by others, much caution is also often needed. For 
example, it docs not follow, as in the subjoined plan (fig. 268), 

Fig. 268. 



that the fissure a b, is posterior to another, c ji, and has shifted it 
at because the one line is continuous and the other not, since 

* As regards these subsequent faults, which have commonly an cast and west 
direction, they are seen to have traversed deposits up to the chalk inclusive. A very 
considerable fault of the latter kind Sheets island 11) of the Geological Survey of 
Great Britain) brings chalk into contact with the betl known os tlic Kimmeridge 
Clay, one of the oolitic scries, at Mere, Wilts. Thus, in this district, there is evidence 
of an oast and west disturbance between the deposit of the coal measures and that of 
the new red sandstone series, and of another posterior to the dc|)Osit and consolidation 
of the chalk. 
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such fractures, under fitting conditions, may liav(' been coutiMn- 
porancous portions of siune far larger dislmnitlon, of wliicli tliosc uro 
only minor parts, witli adjustments due to minor cniiditions. Such 
apparent shifting of one fissure by anotlier is of* the same kind as 
those small complicated fractures close to, or forming jiarts of, the 
fissures or faults themselves, and of which tlie ll>llnwing (fig, 2fi9) 
is an example, from St. Agnes, ('ornwall ; small enntemporan('(»us 
fractures in slate having Ikmui filled by peroxide of tin, and so 
that an apparent heave or shift took place at h h, Wluni such 
appearances present tlien]selvt‘s, it is needfiil to asc(‘rtaln tliat any 
mineral matter, filling a lls'sun* c d (fig. 2fl8), has been dislocated 
and travci*sed by tlie fissure a f>. 


Fii?. 261). 



Evidence of the kind of dislocation mentioned is often to be 
found, so that no doubt remains of one fissure or set of fissures 
having been first formed, and also altogether or partially filled, 
prior to the production of another or others. Mining districts 
often present abundant opportunities for investigations of tJiis 
kind. As an example, we may notice a well-known district near 
Eedrutli, Cornwall, wlicrc, as rci^resented beneath (fig. 270), 
granite, ff, slates, s, elvan dykes, c, e, e, and lodes or mineral 


Fig. 270. 



veins, I, I, I, are all cut through and dislocated by a fault a h, one 
of the great cross courses, as they are termed, of that country, 
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having northerly and southerly ranges. This plan is also useful 
in showing the range of the fissures, 6, filled with the granitic 
matter (elvan) introduced after the production of the granitic 
masses, /y (p. 505), and the coincidence in range of parts of the 
fissures, I, I, of the country, containing copper and tin ores, and 
subsequently formed, since they traverse these el vans in the ver- 
tical section downwards. 

With respect to sections in any planes, the horizontal, for ex- 
ample, in countries complicated by the occurrence of different 
rocks, variably situated as respects each other, or by fissures rang- 
ing differently and filled more or less with mineral substances of 
various kinds, even by mineral matter which has been raised in 
them in a molten state, some care is needed, so that an observ'er 
may properly appreciate the relative position of the parts of the 
general solid rock broken, shifted, and, as it were, rubbed down to 
some given plane. Let, for illustration, the following section 
(fig. 271) represent one of such a district as that of Cornwall, a 

Fig. 271. 
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being the surface of the country, e elvan dykes, and 1, Z, Z, lodes 
or mineral veins. Let this country be now dislocated in a plane 
perpendicular to the section, so that a V on the one side be lifted 
vertically above a b on the other. It will be seen that, on the 
level’ j, though the amount of vertical elevation has been com- 
mon to all the lodes and elvans, these now occupy, ^Dn the surface 
a very different distances from each othey, according to the 
portions of their various dips or underlies intersected on that sur- 
face after the movement mentioned. This will be still further 
illustrated by the subjoined plan (fig. 272), supposed to be taken 
on the level a b, all above it, after the fault was effected, being 
considered as removed by denudation, as is commonly the case. 
As the letters and figures correspond on both the section and plan, 
it will be found that, while the lodes, Z 1, Z 2, and the elvan e 1, 
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are shifted to the right, on the side of the dislocation marked B, 
the lodes Z 3 and Z 4 arc shifted to the left ; and that, in the latter 

Fig. 272. 
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part of die section and plan, a lode or brancli from a lode t 0, 
appears on the side B, which was not at the surface on the side A, 
so that three lodes appear on the side B as continuations of tlie 
two lodes visible at the surface, on the side A. *lJio clvan e 2, 
which was close to tlie lode I 4, on the ride A, is appajcntly re- 
moved far from it on the side B, and moreover contains the lode 
I 5 in the latter case, one w'liich was far removed from it, on the 
surface, on the side A.* 

The evidence of a succession of fissures is often cxtremply in- 
teresting. While some clearly dislocate and shift the whole of a 
mass of rocks, with any prior-formed fissures included in them, 
others appear as mere fissures, with their walls sliglitly il* at all 
moved from their former relative positions as continuous portions 
of the same mass of rocks. In the annexed plan (fig. 273)<one of 

Fig. 273. 



* Figures of this kind serve to ifmstrate the opparcntly contradictory facts gome> 
times observable on the sides of dislocations, denuded down to a common level, where 
elvans, or other dykes, and faults, or mineral veins, dip at various angles in opposite 
directions. In the illustration given in the text, the motion has been supposed vertical. 
As such movements are frequently otherwise, when it is desired to see how, by the 
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the mineral veins of the Charlestown, Pembroke, and Crinnia 
mines, St. Austell district, Cornwall, it will be seen that the granite 
boundary, g well as the lodes I Z, are shifted by the fault or 
cross course ab; (the same circumstance attending the feult, e d, 
though not shown on plan ;) while another, and subsequent fissure, 
ef^ traverses the whole without shifting it. 

Fissures are often found to split at their ends after no very con- 
siderable course, when regarded in their horizontal range. Of 
mineral veins so divided at their extremities, when viewed hori- 
zontally, the following plan (fig. 274) of the Wheal Fortune range 


Fig. 274. 



of mines, Breague district, Cornwall, may be taken as a good ex- 
ample. The main lode is tlierc seen to be split on both tlie cast 
and west after a range, as a marked fissure, for about a mile and a 
quarter (the plan is on a scale of one inch to the mile). The lodes, 
w, are tliosc of Wheal Fricndsliip mine, and, if prolonged, would 
also fall into the main vein of tlic Wheal Fortune mines. These 
various lodes traverse elvaii dykes, c, t?, or coiirseSy as they are 
termed in Cornwall, and arc cut by faults or cross courses, d, d, 
subsequently produced. It should be remarked, with reference to 
beds or other arrangements of rt>cks of variable toughness, tra- 
versed by fissures, that occasionally some care is ncedc<i not to be 
misled by minor appearances, for the fissures taking lines of least 
resistance may so run against or along harder beds, or dykes of* 
mineral matter, as to lead to false impressions. Thus, in the an- 
nexed section or plan (it is immaterial w liich it may be considered), 
a fissure being opened from d towards c, and encountering an elvaii 

use of such sections, explanations of apparently complicated phenomena may be 
afForiled, it becomes necessary not only to have the sections strictly accurate and 
proportional in all their details, but also to make the movement correspond with 
that found among the rocks themselves. If an observer will paint on two pieces of 
flat glass, a variety of sections of this kind, the*same on both pieces, so that when 
held together they appear as one, and slide the glasses on their flat surfaces, a variety 
of interesting circumstances will be made apparent as to the consequences of fault 
movements in dilferent directions; the surfaces of ground being supposed, as in 
nature, to be <Ieiiudcd down to some common levels. 

2 V 
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dyke a b, might have resistances to the force employed so ad- 
justed that it only traversed the latter at c, passing up the wall of 

Fif?. 27.“). 
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the el van dyke for some distance, thence taking its course on- 
wards to the right in a parallel line c e. It might be interred, 
and in somewhat similar cases has been inferred, that the clvan 
tilled a fissure, a h, produced subsequently to that noticed, d c 
the opening against the el van on the side c being very slight, even 
forming a mere slide along the old plane of tlic fissure a b. The 
reverse would, in such a case, be the fact. Circumstances of a 
similar kind have sometimes occurred as respects the intermixture 
of an igneous rock (locally known as toadatom) (p. 559), arid the 
limestone associated with it in Derbyshire, as will be hcreal'ter 
noticed. Caution, therclbrc, on this head, is occasionally more 
needed, than at first sight might appear probable. 

With respect to arrangements of the parts of a faulted country, 
and it is important to bear in mind how very extensively faults 
often prevail in otherwise undisturbed districts, their occurrence 
on the surface of land is sometimes such as to remind the geolo- 
gist oi inlaid marble work, curiously fitted together, and, as it 
were, polished down to some given plane. The observer will fir'd 
a good example of a piece of natural inlaid work of this kind in 
Pembrokeshire, where the coal measures of Nolton and Wood 
appear as if inlaid among faults on the north, cast, and south.* 

* See Maps of the Geological Survey of Great Britain, Sheet 40. On the south a 
considerable fault throws the coal measures against lower Silurian rocks, on the 
north another brings them in contact with Cambrian rocks; both one and the otlier 
class of deposits being at the same time overlapped by them, so that it becomes 
needful to have a clear vie.'v of the amount of the overlaps as well as of the mode of 
occurrence due alone to the faults. The following section (fig. 276), north of N ewgale 

Fig. 276. N 
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Sands, N, will show the manner in which the coal measures, h, h, are brought into 
contact with purple and grey sandstones, of the Cambrian series, a, a, by the fault, 
fhtc is a dyke of igneous rock filling a fissure traversing tlie latter beds. 
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As to the smoothing off of countries traversed by faults, these 
often considerable, so many regions present evidence of it that 
probably there arc few portions of the earth’s surface, even when 
offering scarcely any bending or contortion, which are not more or 
less cracked and broken in some form. It has been seen (p. 425) 
that in the earthquakes of the present day fissures are frequent, 
and tlicre is every reason to suj)pf)se that such have occurred at 
all geological times. Whether faults arise from minor adjustments 
of the earth’s crust, (the bending, contortion, and squeezing of 
various accumulations being regarded as more considerable con- 
sequences of tliosc adjustments,) or from other causes, together witli 
tlie greater plications and flexures, they shf>w a broken and dislo- 
cated condition of that crust wJiicli it requires the geologist most 
carelully to bear in mind, wlien endeavouring to trace the facts lie 
may observe in connexion with deposits, and tlieir subsequent 
movements, to their sources. 

As illustrative of tlic modes of occurrence of fissures and faults 
in mining districts, which usually allbrd, as above remarked, such 
good opportunities for tlicir study, the following plans may be 
found useful. The first plan (fig. 277) represents a general view 

Fig. 277. 


r 



of the fissures, whether coming under tlic heads of mineral veins 
or ordinary fissures and faults, in Cornwall, Devon, and West 
Somerset. On the cast, there is a tendency of nearly north and 
south faults to traverse others running east and west, while, on the 
west, fissures usually ranging about N.N.W. and S.S.E., ergss 
others which tnke a course from W.S.W. to EN.E., or from E.S.E, 
to W.N.W. It will be observed that towards the great metal- 

2 u 2 
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liferous district of Cornwall, the linc.se c c take n direction some- 
what parallel to the ooneral range ol' land, which is that also o|' 
the sjranitic nia.<scs ol the district. Other lines, il tl d, are (,]j. 
served as of iinjwrtanee In three situations (St. Austell, Marazion, 
and St. Just districts). The llssures and limits, e c c and d d d, 
contain the chief of the tin and eopjH>r ores of the district, while 
in the cross courses l> h h, tho.so ol‘ lead* and iron and some others 
arc commonly lound. The tin and eopju'r veins or l«Kle.s,rt a, near 
Tavistock, have a more east and west direction, the cross courses 
traversinsr them, b b, having a somewhat marked north and .south 
range. The lines, both east and west, a a and nortli and soutli, 
I b b, on the east side of the plan, come under the heads of common 
faults ; one, however, of the cast and west lines, a, near Exeter, 
being connected with pamllcl 11*00101*68 holding mangancsc.f 
With respect to the relative geological age of these fissures, there 
is e\’idcnce that those liaving an easterly and westerly direction on 
the west, e c c, and d d d, were formed anterior to those traversing 
them in a northerly and southerly direction, since the formor are 
not only shifted by the latter, but their contents arc also broken 
through by them. The east and west fissures, a a, near Exeter, 
on the west of Dartni(K>r, were pnKluced after the deposit and 
consolidation of tlic new red sandstone of that district, since tliat 
scries has been disloeuted by them. Fissures with the same direc- 
tion, near Watchet, Somerset, a a, on tlic nortli-east corner of the 
plan, were produced alter tlic deposit and eonsoHdution of the lias. 
How far these latter may be contemporaneous with those con- 
taining tin and copper ores on eitluT side of Dartmoor, and havin^^ 
the same direction, may not be clear, tliougJi they might be sup- 
posed to be so. Be tins as it may, north and soutli laults have 
dislocated the chalk with other prior-formed deposits (of the oolitic 
series) near Lyme Regis, Chard, and Membury (b b on the south- 

* The lead of Cornwall and Devon is not confined to the north and south fissures, 
though in certain districts it occurs in a somewhat marked manner in them. 

t The following section illustrates these faults, one of wliicli, /’ can be traced for 
10 miles from Poltimorc, on the east, to Venny Tedborn, near i’osbury Hill, on the 

Shutetoys. 278. 

Kewton St. Cyres. 



b /am a 

west ; a minor fault or vertical branch of the same fault, m, running parallel to it, 
and having afforded a large quantity of valuable oxide of manganese (at lluxham, 
Upton Pyne, and Newton St. Cyres). a, a, are beds of the new red sandstone series 
of the district, brought into contact with the coal measure sandstones and shales, h, 
of the^ame country, in which there is another, and apparently parallel fissure, /, con- 
taining sulphuret of lead. 
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east of tlie plan). Taking these last in connexion with the north 
and south faults of the Mendip Hill district, near at hand eastward 
(fig. 167, p. 47H), there have been fissures formed in the same 
general directions, nortli and south, at two distinct periods in this 
part of* south-we stern England, one anterior to the deposit of the 
new red sandstone, and posterior to the flexures and plications of 
the coal measures, and the other after the deposit and consolidation 
of the clialk. The movements of dilFcrcnt dates in east and west 
directions have already been noticed (p. 653) .♦ 

The following plan (fig 279) of part of Glamorganshire exhibits 


a Fig. 270. a 



niancrous parallel fractures traversing both mountain or cartxmi- 
ferous limestone and coal measures near Swansea ; the working of 
the coal measures affording the needful evidence of many faults 
•which arc not so easily traced in an accumulation of* such a genc- 

* We wouM refer for more ample detail on the mode of occurrence of the faults 
and lodes, or mineral veins, of Cornwall, Devon, West Sofnorset, and a part of Dorset* 
shire, to the Author’s Report on the Geology of that district, isai). 

As regards the range of east and west faults in neighbouring parts of England, it 
may be desirable to call the attention of the obseiver to the considerable fractures 
having that direction near IJridport and Wej mouth (see Maps of the Geological 
Survey, Sheets 17, 18, wdicro they have been n^ost carefully lahi dow’n by Mr. 11. W. 
Bristow), traversing a variety of beds up to the chalk inclusive; in the latter case, 
therefore, formed during some portion of the snpracretaceous or tertiary period. Jn 
the Isle of Wight a great contortion, having an east and west direction, is seen to 
have occurred after the supracretaceuus or tertiary rucks of that district had been 
accumulated. 
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ral mineral aspect as the carbonilerous limestone of tliat locality. 
In this plan, aaa represent the lines of faults, A the coal measures, 
and L the carboniferous limestone, rising fiom beneath them ; s, is 
Swansea, M the Mumbles, and BC, Bristol Channel. In this case 
there is no evidence to mark the relative date of the fissures; and, 
supposing them contemporaneous with those having the same 
directions on the opposite side of the Bristol Channel, they may 
have been of either of the dales previously noticed. It may not be 
improbable, however, that they were Ibrmed after the deposit of 
the lias, since somewhat more eastward, towards Cardiff, in the same 
general district, parallel faults dislocate the various accumulations 
up to that deposit inclusive.* 

With respect to the manner in which portions of fractured 
masses are brought into contact in vertical sections by i’aults, the 
Ibllowing sketch will serve to illustrate that of a simple kind., when 


Fig. 280. 



oiu;e-continuous beds has been small, and the fissure nearly vertical, 
part of the bed a on the one side of the fault/, being separated 
from the jiortion a\ on the other. Faults are, as may be readily 
inferred, of all inclinations as regards the horizon, being sometimes 
sloping as beneath (fig. 281 ), so that to measure the amount of 


Fig. 281. 



* The observer is referred to various maps of the Giological Survey of tlie I'nited 
Kingdom for numerous examples of faults traversing dillerent rocks. CJrcat care 
has been taken to liave them properly examined and laid down, so that tliey may 
eventually constitute a body of evidence, of an accurate kind, for a due consideiation 
of the various dislocations which the rocks, in the area of the British Islands, may 
have suffered during the lapse of the geological time of which such rocks may be the 
records. 
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geological dislocation produced by one at//, the distance h d, ex- 
tending vertically from the plane of the same bed a (supposed hori- 
zontal) on tlie one side, and c on the other, has to be ascertained. 

In some districts faults arc observed so to have occurred that 
several portions of country have been dropped down in one direc- 
tion, prolonging tlic surface appearance of some rocks beyond that 
wliich would otherwise have happened after the various denudations 
to which they might have been exposed ; portions being thus pre- 
served which would otherwise have been swept away. The following 
section (fig. 282) may be taken in illustration of this subject, as 

Fig. 282. 

Knighton. a a Benhole Farm Bristol C*hannel. 
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also of tlie vertical mode of occurrence of the faults near Watchet 
{a «, north-east corner of tlie plan, fig. 276), previously noticed. 
Tlie deposits dislocated are lias a, and new red marl and sand- 
stone, b ; and it will be seen that parts of the lias have been preserved 
from denudation by being, as it were, dropped down by five faults, 
/>/>/>/>/ fo ^^ch other), into five sheltered depressions, 

succeeding each other in a southward direction. In this manner, 
v aluable coal, in some coal districts, has been preserved from that 
removal by geological causes* which it would otherwise have 
suffered. Tlie amount of accumulations thus preserved, or the 
reverse, by systems of faults, is a subject which should engage the 
attention of the geologist as one of importance in investigations 
of this kind. The amount of various rocks so circumstanced is 
often very considerable. 

As might be expected, lines of faults frequently exhibit minor 
complication and even disturbance, showing a certain amount of 
lateral pressure during the adjustment of their sides after the action 
of the f orce producing the original fracture. The following section, 
easily seen,* of a fault on the coast of Glamorganshire, west of 



* Respecting illustrations of the various geological •'cnomena noticed, the Author 
has endeavoured in this work as much as possible to select such ocalities as may be 
easily visited. 
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Lavemock Point, will illustrate minor complications of fracture, 
and a bending of certain of the beds acted upon, m, nij m, being 
minor parts of the same dislocation which has travei'sed earthy do- 
lomitic limestone and marl a ; varieties of dolomitic limestone, 
6, c, d, By and /; dolomitic conglomerate, g (all these of the new 
red sandstone series) ; and lias Z. The beds at h correspond with 
tliose on the left. While the fractures have merely broken the 
former deposits, the edges of the Has have been turned up, as if by a 
certain amount of lateral pressure. In some faults this turning up 
of a portion of the beds acted upon, occasions the observer to sus- 
pect that, after tlie fracture, there has been some settlement from 
an upraised position (for the time), producing the needful friction, 
even for upturning the edges of beds on the under part of a fault, 
as shown at m on the right of the section (fig. 283). Usually the 
side relatively lowered is found raised at tlie edge in an inclined 
fault, the consequent friction turning up the end of the superior 
rock conformably with the movement. 

As a vertical section may only give the apparent movement of 
the parts of rocks fractured and faulted, it is desirable that the ob- 
server should search for the direction of any friction-marks attend- 
ing pressure of the rocks on one side against those on the other, in 
order to discover tliat in which the movement has really been 
effected. This investigation will sometimes lead liim to find that, 
tliough the general plane of a fault may dip in a given direction, 
the movement has not always corresponded with it. Some of 
these friction-marks bear evidence of the action of enormous 
pressure, more especially in those cases where the dislocation may, 
in its plane, amount to several tliousand feet, and yet the rocks tliii^ 
moved against each other, and once so far asunder, be now closely 
jammed together. The contents of dislocations, whether known as 
common faults or mineral veins, often present beautiful impressions 
of these friction-marks, parts of the walls of the fractures, after 
grating against each other in their movement, having finally left 
cavities in which various mineral substances were accumulated, 
taking tlie form ol‘ the surfaces against which tlicir first deposit was 
effected. 
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FILLING OF FISSURt:S AND OTHER CAVITII-:S WITH MINERAL MATTER. — 
SULPHURETS OF LEAD, COPPER, ETC., REPLACING SHELLS. — FILLING OF 
MINOR FISSURFiS. — SOLUBILITY AND DEIUSIT OF MINERAL MATTER IN 
FISSURES. — SOLUBILITY OF SULPHATE OF BARYTA. — DEPOSITS FROM 
SOLUTIONS IN FISSURES. — EFFECTS PRODUCED IN HEATED FISSURES BE- 
NEATH SEAS. — MANY SIMILAR SUBSTANCES FOUND IN MINERAL SPRINGS 
AND VEINS. — FREQUENT OCCURRENCE OF SULPHUR, ARSENIC, ETC., WITH 
CERTAIN METAI^ IN MINERAL VEINS. — ACTION AND REACTION OF SUB- 
STANCES UPON EACH OTHER IN FJSSURI':S AND CAVITIES. — CHARACTER 
OF METALLIFEROUS VEINS AMID ASSOCIATED DISSIMILAR ROCKS. — CON- 
DITION OF MINERAL VEINS TRAVERSING ELVAN DYKES IN CORNWALL. — 
INFLUENCE OF THE DIFFERENT ROCKS TRAVERSED ON THE MINERAL 
CONTENTS OF FISSURES. — MODE QF OCCURRENCE OF LEAD ORES AMID THE 
LlMESrONh^S AND IGNEOUS ROCKS OF DERBYSHIRE, — ‘ FLATS’ OF LEAD ORE 
IN LIMESTONE DISTRICTS.— METAIXIFEROUS DEPOSITS IN THE JOINTS OF 
ROCKS. — RELATIVE DIFFERENT DATES OF MINERAL VEINS. 


The filling of fissures and other cavities with mineral matter 
inay, to a certain extent, be considered as in part connected with 
the changes and modifications of rocks above mentioned ; since from 
the filling of minor ca^itics and fissures, such as occur in or 
traverse small portions of an accumulation, whether of igneous 
or aqueous origin, much change or modificjxtion may arise in the 
.containing rocks. The filling of cavities, such as those previously 
noticed in vesicular lava and molten matter of* all geological times, 
converting a highly porous and often originally light substance into 
a very solid rock, cflects a marked change of structure. The infil- 
trations of the mineral substances into the cavities, in these cases, 
become important in the consideration of those which have filled 
various fissures and dislocations, as well as cavities of far greater 
size, since they seem to point to the solution of some substances, or 
of the elementary matter composing them, and to tlie power of 
such solutions to traverse the pores of rocks, even of those which 
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are considered very solid and compact, in a manner which, at (list 
sight, might not bo expected. Let the observer, lor example, study 
certain of the nodidcs of the impure carbonate ol iron, known as 
elat/ ironstones, in many of the l(K‘alities where they are obtained 
from the coal mcasui'cs of the Ihitish Islands, opportunities for 
which are abundant in South Wales, Monmouthshire, Staflbidshire, 
Derbyshire, and elsewhere. While in many of these nmlules, the 
cracks, when they present themselves, as they often do, in the 
manner mentioned previously (fig. 227, p. 597 ), only contain more 
pure carbonate of iron or arc entirely empty, at others they are 
incrusted or filled with such substances as copper pyrites, and the 
sulphurets of lead, zinc, nickel, and iron, wdth the occasional occur- 
rence of other minerals of a different class. In such cases the 
observer can luive little doubt that the coinpiaicnt part.s of these 
substances have come, by infiltration (rom witliout, into tlie cracks 
of the mxlules of impure carbonate of iron, through their exterior 
pores, and througli those and the lainiiuc of the surrounding argil- 
laec(»iis shales. He is therefa’c prepared to infer that these bodies, 
or their component parts were in a soluble state when they entered 
the cavities formed by the cra<;ks in the ikkIuK’S, 

When he examines the minerals wliieh have, under c( rtain con- 
ditions, replaced organic remains in varitms rocks, tlic geologist 
may still furtlicr be prej)ared to regard the matt(*r of tliese and 
otlier compound substances as liaving been introduced in solution 
into cavities loft by the decomposition and disaj)pearanec of mollusc 
shells, or other organic bodies. Copper pyrites has been f()und to 
replace the shells of spirlfero, at Doddington, Somersetshire* — 
sulphurct of lead various cavities left by the shells of molluscs in 
the lias near Merthyr Mawr, Glainorganshiret — and sulphate of 
baryta portions of corals in the mountain limestone of Cromfbrd, 
Derbyshire.:!: Sulphurct of iron very frecpiently occupies the 
places of mollusc shells in many rocks, especially those wliich arc 
argillaceous, even insinuating itself amid the matter of fossil bones, 
such as those of.saurians in the lias, and other deposits. Silica, as 


* 111 thi-i locality there was a vein of cojiper. The ores raised were principally 
green and blue carbonates, and were first obtained in the new red sandstone con- 
glomerate of. the locality above a vein in the Devonian rocks beneath. Horner, 
TTans. (Icol. Soc. London, vol. iii , pp. 352 and 363. 

t The sulphuret of lead is much disseminated in this part of South Wales, and often 
in cavities. It occurs in the cracks of fossil wood in the lias near Dunravcii Castle, 
in the same manner that the sulphuret of iron is often seen in coal beds, and in fossil 
wood in numerous clays of different geological dates. 

X This fact is interesting in connexion with the considerable quantity of sulphate 
of baryta found in the lead veins and other cavities of that part of Derbyshire. 
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might be expected also, occupies the cavities left by shells, of 
which the cluilcedonic replacements of the various shells of the 
greensand series at Blackdown, Devon and Somerset, are beautiful 
examples. Even the carbonate of lime of many fossil mollusc shells 
does not always appear to be tliat of the original, but to liave been 
inliltrated into cavities left upon the disappearance of the matter of 
the actual shell, the particles of the carbonate of lime not being 
adjusted in the manner they usually are in shells of the same class 
by living animals, but as they would be upon simple infiltration 
and crystallization in any cavity. Again, in the crystals of fekpors 
decomposed in the body of a rock, the original substance of the 
crystals removed, and replaced by peroxide of tin, even part of the 
original felspar crystal sometimes remaining, while the rest of its 
form is replaced by the peroxide of tin, as in an clvan at St. Agnes, 
Cornwall, the observer has another example of the inflow of 
mineral matter in solution into cavities and through the pores 
of the rock in which such cavities may be situated. In fact, 
looking at the subject generally, the various cavities in the rocks 
composing the crust of the earth, have a tendency to be filled by 
mineral matter, the component parts of which find their way to 
them in solution. 

Passing from these cavities to those produced by cracks, these of 
minor size, and confined either to one, two, or some small number, 
of beds of sedimentary deposits, or some very limited volume of an 
igneous accumulation, it \vould be expected that, as a whole, the 
matter inlilt rated into such cracks would chiefly partake of the 
mineral character of the rocks so broken, so that the substances 
principally lilling the cracks in limestones would be calcareous, 
while those amid siliceous rocks Avould be quartzose, as is usually 
the fact. From the prevalence, however, of particular conditions, 
(piartz veins arc occasionally found in limestones, and calcareous 
matter among the siliceous rocks. This usually occurs when the 
.limestone beds form a very subordinate portion of a sandstone 
or argillaceous accumulation, chiefly composed of silicates, or when 
calcareous deposits predominate among those of other kinds ; as, 
for example, is the case with the igneous rocks of Derbyshire, 
whore the vesicles and minor veins of the latter are often filled 
with calcareous spar.* 


* The filling of cavities and small fissures in igneous rocks by carbonate of lime is 
not unl'roqucnt, even when cal areous rocks do not constitute any very large propor- 
tion of a general mass of mixed accumulations. Thus at Trecarrcll Bridge, between 
Launceston and Tavistock, tlie highly-vesicular rock of tliat locality, contcm][)ora- 
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ProcccxVing to examine the filling of* ciwities and fissures of 
larger dimensions, and such as, not confined to minor volumes of 
rocks, can be traced lor considerable distances, and the depths of 
which are unknown, an observer will have not only to bear in 
mind the incrustations of the sides of such fissures by the sub- 
stances, which, passing amid the pores or small fissures of rocks on 
the minor scale, are ready to fill up or incrust any cavities pre- 
senting themselves, no matter of what kind or how formed, but 
also to consider the kind of substances, and their mode of action 
upon each other, which may be derived from various distances and 
sources. Viewing a considerable fissure, in its simple form, some- 
what vertically traversing various beds of dissimilar rcxjks, os in 
the following section (fig. 284), a to/, each affording some diflerent 


Fig. 284. 



or variously combined matter in solution, and confining his attcn« 
tion, at first, to solutions, the geologist has a more complicated 
problem presented to his attention than the mere infiltration of 
mineral matter through the pores of rocks into small cavities and 
fissures in them. He has to regard not only tlic probable combina- 
tions and decompositions effected by a mixture of substances intro^ 
duced into the fissure, but also th6 motion of the whole of' the 
liquid in it, according to temperature. The fissure may citlier be 
one through which waters rise to the surface of land, and overflow 
it, thus discharging large volumes of water containing mineral 
matter in solution of various amount and kind, or the liquid may 
merely rise to such a height in the fissure as to remain confined to 
it, and the portions of rocks adjacent, amid the pores and interstices 
of which it may also enter. According to temperature also will he 


ncously formed with the Devonian rocks amid which it occurs, is rendered 8oli<l by 
the infiltration of carbonate of lime from adjacent calcareous beds of no great purity 
or importance. The ready solubility of the carbonate of lime, when sufficient free 
carbonic acid is present, has occasioned the passage of the former substance from tl)o 
calcareous beds into the vesicles of the igneous and juxtai)oscd rock, and its deposit 
there, wlicn unless decomposed and again removed, it ^aould prevent the deposit of 
other substances passing in solution through the pores of the rock. 
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have to bear in mind the solubility or deposit of the matter generally 
in the liquid, {XJrrnitting some of it to remain in solution while 
other parts were deposited, coating the walls of the fissures. 

The observer will thus have to consider the probability of certain 
of the fissures extending to depths where the temperature may 
become very elevated, even to those depths where water, notwith- 
standing the great pressure, might be converted into steam, and 
numerous substances be vaporized. There is much to be accom- 
plished with respect to our knowledge of the eflfects which would 
be produced under the conditions supposed. We may expect 
water to exist under pressure as such up to very high temperatures, 
and its power of dissolving various substances in that state to be so 
increased, tliat many viewed as insoluble at those temperatures at 
which experiments have been undertaken would become readily 
soluble. 

The experiments of M. Gustav Bischoff on tliis subject arc 
highly valuable. Impressed with the importance of the agency 
of stoain in volcanic productions, and viewing the connexion of 
such agency and many substances found in mineral veins, he Ibund 
that when galena (sulpliuret of lead) was gently heated in a porce- 
lain or glass tube, and steam driven over it, tliat sulphuretted 
hydrogen and s\^lphurous acid ^^ere evolved, and the ore reduced, 
and that if the lead thus obtained were wetted with distilled water, 
it was covered by the carbonate of lead. He remarks that some 
substances not known to us as evaporating at any temperature, are 
carried off by steam, as, for example, silica. Artificial sulpliuret 
ol‘ silver was found to be very readily decomposed by steam, and 
more easily so at a moderate heat. At a temperature under the 
melting point of zinc, this was soon effected, and the silver efflor- 
esced in such forms as to induce M. Gustav Bischoff to regard the 
moss-like and filamentous occurrence of native silver in veins as 
very probably the result of the decomposition of the sulphurets. 
•With respect to sulphate of baryta, usually termed insoluble, and 
yet so frequent in tlie veins of some districts, and in a manner to 
leave little doubt that it has been deposited from a solution, he 
found, by experiment, that when heated water, containing car- 
bonate of soda or potash, came into contact with it (even when the 
temperature was not much elevated, and the water was only slightly 
charged with those substances), a partial decomposition took place, 
and tliat when the temperature was again lowered, a readjustment 
was effected, sulphate of baryta being again produced, and the 
carbonic acid, with which it was previously united, returning to 
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the soda or potash. In tliis manner, M. Bisclioff remarks, baryta 
may be separated from sulphuric acid in the lower part of a V(‘in, 
where it could be exposed to the needful heat in waters containinjj^ 
the carbonates of soda or potash, and be removed to a cooler part 
of the vein, and be there deposited, again united with sulphuric 
acid.* Such decompositions and recompositions arc evidently 
most important in explanation of the often complex contents 
of veins. 

When we know tliat certain fissures in the earth's surface result 
from dislocations so great that beds of rock, once continuous, arc 
thrown even several thousiind feet distant from each other in the 
planes of the fissures, and vertically to the stratification, the depth 
to which some of tliese fissures must extend can scarcely have been 
otherwise than sufTicIently considerable to afford conditions of an 
important kind, as respects the heating of wiitor in tliem, and tlie 
consequent solubility of various substances m^t ri'adily acted upon 
by water at more moderate temperatur(‘s, even to the solution of 
some forming parts of the rocks fissured. 

The experinumts of Professor Porchhammer have sho\vn, tlioiigii 
potash felspar, one so frequent among granites and felspar por- 
phyries, may be exposed t(» the action of boilijig water, under tlie 
ordinary pressure of tlie atmosphere, without obtai^iing tlic potash 
from it, that when that pressure is considiu'ably increased, and tlie 
temperature augmented, this substance is obtained in soluti(^n. 

As regards fissures, and heat at their greater depths sufficiently 
considerable to convert water into steam, even under great pressure, 
it may occur to the observer that, after these fissures were pro- 
duced, many solutions percolating througli the pores, or amid tlic 
beds and joints of the rocks broken tlirough, would endeavour to 
deliver themselves into them. Where tlicy entered any w^ater in 
the cleft and various solutions in it, they would mix with them, 
obeying the same movements from differences of temperature, and 
acting upon them, or being acted upon, according to circumstances. 
Where the fissure was only filled by heated vapours, percolations 
into it at those depths might have a tendency to be vaporized 
also, and if any of them contained matters then rendercrl insoluble, 
it might be inferred that they were left incrusting tlic sides of the 
fissures, in the same manner that stalactitic incrustations of car- 
bonate of lime cover the sides of caves and fissures wlicn the water 
is evaporated, and the carbonic acid, rendering the carbonate of 
lime soluble, is removed. 


Poggendorfs Annalen, vol. lx. 
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Having con-sidcml the fi-ssurcs with reference to waters dispersed 
amid rocks, and finding their way into them, as would happen 
when they ro.se to the surface of dry land, or were opened out 
only to situations where they did not reach any considerable super- 
incumbent volumes of water, the geologist should direct his atten- 
tion to the conditions which would obtain when these fissures rose 
to the bottom of the sea, cither wholly, or so that the sea waters 
could readily rush into the clefts formed partly through dry lantl 
and partly under the sea. Looking at the present distribution of 
land and sea on the surface of the earth, many long and important 
fissures would be expected to occur beneath the sea. K a in the 

annexed section (fig 285), be the level 

^ Fiff. 2i?5. 

of the sea; a c and h d, deptlis of water ; a h 

e e, rocks, sucli as argillaceous slates, 
resting upon or raised up by granite, //; 
and A, a fissure traversing the whole, and 
opening to the sea water above, the latter 
would rusli into the cleft or clefts at the ' 
prolongation of the fissure to the sea ^ 
bottom, descending as far as any tem- 
perature in the cleft would permit. It j 
may be assumed, for illustration, that, 
whatever may have been the effects of 
the first communication between con- 
siderable depths and the surface of the 
bottom of the sea, a time would come 
wlicn tlic sea water could enter the 
rissure, ^ unless any outflow of waters 
reacliing it from tlie rock^ traversed 
could prevent it. In certain situations, 
obstructing conditions of tlhis kind might 
exist, the fissures answering the purpose 
.of artesian wells to large tracts of country. 

Taking, however, the conditions to be 
such as to permit the entrance of the sea water, and that at 
some depth, such as s 8, the water was converted into steam, not- 
withstanding any pressure there might there be, the saline solutions, 
chloride of sodium constituting the important portion of tliem 
(p. 109j, would be left to be dealt. with according to the tem- 
perature existing at s s, and any vapours rising from beneath, A, 
where a still higher temperature might prevail. The production 
of chlorides of a volatile kind, such as those of copper, and others, 
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might thence take place to a considerable extent, such chlorides 
being again changed into other combinations in the higher parts of 
the fissures.* 

When fissures are regarded as of depths so considerable as to 
extend to such elevated temperatures, the geologist can scarcely 
fai\ to turn to the evidence respecting fissures produced, and the 
heated gaseous substances discharged from them, during earth- 
quakes, whether these may traverse volcanic regions now exhi- 
biting activity, or show no immediate connexion with them, and 
to regard the emanations which take place from volcanic vents 
themselves, since from such sources of communication between the 
interior and exterior parts of the earth, evidence miglit be expected 
as to the substances vaporized by heat beneath, and discharged 
upwards. Neither should he neglect the contents of theri lal, or 
as most of' them are termed, mineral springs, since so many appear 
only to be the condensation of vapours and gases eflected in por- 
tions of fissures, when the temperature becomes sufficiently lowered. 
With respect to the vapours and gaseous substances thus discharged 
from volcanos and found in mineral waters, M. Elic de Beaumontt 


* M. Elie dc Beaumont remarks (Note sur Ics Emanations Volcaniques et Metal- 
Hftres) that “iron as a chloride, often changing into peroxide (specular iron, fer 
oligiste), is among the most abundant of the substances derived from volcanic 
emanations. Oxidulated iron is commonly disseminated in the lavas ejected fn>m 
volcanos, and it cannot be doubted tliat it exists in the lavas consolidating in subter- 
ranean cavities. Iron in the form of an oxide or chloride is necessarily, therefore, 
deposited in the fissures which volcanic emanations traverse before they reach the 
surface.’^ M. Elie dc Beaumont also points out copper as among volcanic emana- 
tions, and it may be observed, that chloride of copper is readily vaporized. 

t Note sur les Emanations Volcaniques et Mctallifercs (Bulletin dc la Soc. Geol. 
dc Erance, 2nd serie, t. iv., p. 1249, 1847), wherein, under this simple title, a mass ot 
important information will be found bearing or. this subject. 

Adverting to the various hypotheses which have been formed to account for the 
filling up of mineral veins, M. Elie de Beaumont remarks, that the one “ which attri- 
butes ordinary mineral veins to emanations in the form of vapours and to mineral 
waters, enables us to comprehend the varied facts observable in mineral veins, espe- 
cially the development of those chemical affinities which have long been observed as 
influencing the manner in which the metals are associated. Substances which are 
usually associated have much in common between them, and often exhibit properties 
altogether analogousu Nickel and cobalt, so often found together, much resemble 
each other in tlicir properties, and the same with iron and manganese. Antimony 
and arsenic, the properties which are so analogous, occur in a similar manner, and 
are frequently associated. Silver and lead have much in common, and are very fre- 
quently united in veins. It is rare to find silver unaccompanied by lead, and this 
scarcely happens except when the silver occurs native or as a chloride, two states of 
silver which most differ from the corresponding conditions of lead. Jt is still more 
rare to find lead which is not argentiferous, the most wide-spread ore of lead being 
the sulphuret, the properties of which are very analogous with the sulphuret of silver. 
Lead and zinc, the sulphurets of which possess analogous properties, are found 
associated together in the form of galena and blende ; and the same facts are observable 
in the great family of metals occurring in the stanniferous veins, such as tin, tungsten, 
tantalium, &c.’* 
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has pointed out, that the substances contained alike in them and 
in mineral veins, may be taken as 19, viz., potamum^ sodium^ 
caleiunti aluminum^ mangane%e^ iron, cobalt, lead, capper, hydrogen, 
silicon, carbon, baron, arsenic, nitrogen, selenium, iulphur, oxygen, 
and chlorine. The substances found in mineral waters and veins, 
and not hitlicrto noticed in volcanic emanations, he notices as 
lithium, barium, strontian, magnesium, phosphorus, iodine, bromine, 
md fluorine.^ 

When the observer thus directs his attention to the consequences 
which may arise from the production of fissures, extending to por- 
tions of the earth where high temperature may be inferred, he 
should bear in mind that, of the substances occupying the interior 
of the eartli, beyond such slight depths as the reasoning respecting 
the thicknesses of various rock deposits renders probable, nothing 
is known, except that their density, as a whole, must lx; much 
greater than that of the rocks at the surlacc, since, according to 
Laplace, the mean density of the earth is 1*55, while that of its 
solid surlacc is only 1 . The substances chielly forming the solid 
surface of the earth arc oxides, those which are not of that cha* 
racter arc very limited ; and it is not a little interesting to find the 
latti'r, to a great extent, in the fissures under consideration, or so 
disposed as readily to have entered the cavities of deposits after 
their accumulation, tlierc forming combinations other than oxides. 
As respects the frequent occurrence of certain of the metals with 
sulphur, arsenic, and other substances, which have been termed, 
Avith reierence to their presence in veins, mineralizers, such 
frequent combinations, under conditions that may often be inferred 
as those which governed their original deposit in mineral veins, 
secondary actions having effected subsequent modifications and 
changes, are highly interesting. LT. Elie de Beaumont has remarked, 
when treating of an initial volatilization of the metallic substances 
found in veins, that this hypothesis agrees with the fact that the 
metals, properly so called, are found in them much less frequently 
combined with oxygen tlian with sulphur, seleniunj, arsenic, phos- 
phorus, antimony, tellurium, chlorine, iodine, and bromine, 
“ These substances,’' he observes, “ are not only in general volatile, 
as well as bismuth, which often accompanies them, but they have 
likewise the property of rendering many of those with which they 
combine also volatile. It is difficult Jo believe, that this property 

* With respect to the substances contained in minorAl waters, M. Elie dc Beaumont 
mentions that he lias taken them from tlie works of many chemists, and especially 
from those of MM. Berzelius, BischofT, and K<>pp. 
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has not acted a part in the filling of the veins.”* We should 
expect to find in the contents of fissures, or in cavities communi- 
cating with them, or disseminated amid such portions of rocks as 
may be inferred to liave presented the ready means for the intro- 
duction of mmeral matter from them, some substances not common 
elsewhere, and under forms and combinations often of a peculiar 
kind, as well as those with wliich we may be familiar, as more or less 
forming the component parts of rocks generally, though these also 
may be sometimes discovered under new combinations. The geo- 
logist would expect also to find numerous compound substances, 
which he might refer to the reactions of certain prior combinations, 
and to the readjustment of tlieir component parts, according to the 
governing conditions of the time. 

With reference to slow secondary electrical action, caused by 
ieeble currents, M. Bccquercl pointed out, many years since (l&d5), 
that various compounds arc produced which arc not formed by the 
usual kind of experimental investigations, disunited elements being 
presented to each otlier in a nascent state, one higlily favourable 
to such productions.f He observed tliat substances, commonly 
termed insoluble, became crystallized, because the electrical action 
being slow, the chemical action was slow also, so that the com- 
ponent molecules had time to arrange themselves according to the 
laws governing crystallization, an advantage not obtained when tlio 
chemieal forces have more intensity. M. Bccquercl produced 
various minerals by means of these secondary actions, such as the 
oxides of copper and zme, the sulphurcts of silver, coi)pcr, tin, lead, 
iron, &C.J The action of bodies upon each other, as sliown in the 


* “ These bodies,” continues M. Elic de Beaumont, “ are, at the same time, those 
found among volcanic emanations, and also in thermal springs, and their presence 
in the veins contributes to corroborate the relations previously noticed as existing 
between these veins, volcanic emanations, and mineral w'aters.” 

t Traite Experimental de I’Elcctricitc ctdu Magnetisme, Paris, 1835. M. Bccquercl 
there remarked (t. iii., p. 295), that ‘‘ it could not, for a long time, be conceived how, 
with apparently feeble electrical forces, strong affinities could be overcome in order 
to decompose bodies and produce new combinations ; it being considered that the 
action of more or less energetic currents should always be emijloyed. As soon, how- 
ever, as Uie electrical effects which take place in chemical action had been analyzed, 
it became clear that the same end might be obtained by skilfully employing these 
effects. It can be readily understood, that when any voltaic couple is plunged into a 
solution which reacts on one of the elements of this couple, the particles of the solu- 
tion, the moment they are brought into play by the operation of chemical action, are 
then, being in a nascent state, in the most favourable condition for obeying the action 
of the electric current produced by the couple.” 

X The observer will find much to interest him, bearing on the subject of mineral 
v6in8 in those experiments in which M. Becquerel employed a bent tube in the form 
of a U, with clay moistened at the bottom, thus separating it into two portions, in 
which solutions were placed to be acted upon, wires being introduced to form the 
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experiments of’ M. Becquerel, so that after the production, and 
even crystallization, of some substances, they were again decom* 
posed by the new action then set up among them, appears to have 
an important bearing upon the filling, modifications of the 
contents of fissures and cavities.^ He concluded, from his expe- 
riments, that to obtain an insoluble crystallized substance by 
electro-chemical reactions, it is sufficient to make it combine with 
another wliich is soluble, and afterwards operate by means of very 
slow dccomposition,”t 

In 1830, Mr. Eobert Were Fox commenced a series of experi- 
ments in the mines of Cornwall, to ascertain the electro-magnetic 
properties of the mineral veins of* that metalliferous district.^ In 
1837, he treated the connexion of electricity and mineral veins 
more at length, chiefly referring to the veins in Cornwall, § observ- 
ing, with respect to tlie present condition of mineral veins, tliat he 
found, “ by an examination of water taken from different mines, 
and from various parts of the same mine, tliat different varieties of 
saline solutions now exist in neighbouring stratii.” In many 
instances the proportion of foreign matter in the water was very 
small, whilst in others it was very considerable ; “ but I have not,” 
he adds, “ yet tried any mine- water, that would not produce very 
decided electrical action, when the native sulphurct of copper, or 
of copper and iron (copfxn- pyrites) were plunged into it, and the 
voltaic circuit was completed. The very superior conducting 
power of the saline water in the fissures, in relation to the merely 
moistened rocks, would always tend to supersede the transfer of 
electricity more or less through the latter. The contact of large 


voltaic circuit ; ns also in those in which he placed substances in a tube, afterwards 
hermetically scaled, so that they formed voltaid circuits in the tube itself, the sub- 
stances acting upon each other. 

* M. Becquerel remarks, after describing some substances obtained by his experi- 
ment'S, that all the chemical actions which lead to these compounds could only have 
arisen from certain electrical influences possessing little energy ; for if we operate 
with apparatus the action of which is too strong, all tlie elements are isolated, and no 
combination is possible.*’ * 

t Trait<i de TElectricite', t. iii., p. 2J8. It is remarked, respecting truncations of 
the crystals of certain double chlorides obtained in some of the experiments, that, in 
the beginning, the crystals are perfectly formed ; “ but that when the apparatus has 
been in action for a long time, truncations of the angles are gradually produced ; 
whence it seems to follow, that when the particles of the crystallizing substance are 
less abundant, the force which determines the regular grouping of them has no longer 
sufheient energy to complete the crystal.” • 
t Philosophical Transactions, 1830. 

§ “ Observations on Mineral Veins Report of the Royal Polytechnic Society of 
Cornwall for 1836; Falmouth, 1837. 
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surfaces of rock, clay, Sic., with water, difiering In its saline 
contents from them, must also liavc been an efficient cause of 
electrical excitement, and it should not be forgotten tliat the cir- 
culation of water would be liable to very frequent changes of velocity, 
in consequence of obstruction in the fissures or their occasional 
enlargement, so that the contents, as well as the temperature of 
the water, would be subject to many modifications,”* 

The contents of fissures and cavities through, and in rocks, will 
not long have engaged attention before it will be found that in 
those districts where the ores of the useful metals are worked, 
there is not unfrequently a marked association of dissimilar rocks, 
one or more of them being often of igneous origin. This condition 
is flir from being constant ; at the same time it is one whicli has 


* Robert Were Fox: Report of the Cornwall Polytechnic Society for 1836; Fal- 
mouth, 1837, p 110. 

Adopting:? the view of M. Ampere, that the direction of terrestrial mof^nctism is due 
to the circulation of currents of electricity from cast to west round tlie globe, Mr. Fox 
considers, that “ if fissures happened to have opposite horizontal l)carijig.s, and were 
equally filled with water charged with saline matter, the electric currents would be 
detennined, in preference, tlirough such of them as nearly approximated to the mag- 
netic east and west points at the time.** The consequence, he conceives, would be the 
decomposition of the saline substances, and the determination of the metals or base 
to the electro-negative, and the acids to the electro-positive rock. “ However slow,*’ 
he remarks, this process at first may have been, the deposition of the metals would 
cause it to become more and more energetic. The metals and metalliferous deposits 
would, likewise, react on each other, and give rise to new combinations ami arrange- 
ments till they arrived at a state of comparative equilibrium. This may be said to 
be very much the case with the lodes (mineral veins) at present, as most of the ores 
which are capable of conducting electricity very nearly approximate to each other in 
the electrical scale, being more electro-negative than silica, and many of them as much 
so asplatina; indeed, the grey oxide of manganese and the lodcstone are electro, - 
negative in a still higlier degree. Arsenical pyrites, iron pyrites, and copper pyrites 
hold rather a high place in the scale, and are electro-negative with respect to purple 
copj)er and galena, but especially to the sulphuret er vitreous copper ore, which will 
produce a very decided action on the galvanometer when connected in the voltaic cir- 
cuit with copper or iron iiyrites.’*— p. 113. 

M. Becqucrel considers (Traite de rElectricite,t. v., pp. 163, 164), that at a certain 
depth in the earth a multitude of electric currents exist, with very different direc- 
tions, the general result of which would produce an action on the magnetic needle# 
He infers, that these are produced by the permanent communication kept up by 
numerous fissures tlirough which sea w'aters percolate either to the metals of the 
earths and alkalis, or to metallic chlorides, causing the metals to take negative elec- 
tricity, and the steam or other vapours positive electricity. Apart of the latter 
electricity, ho considers, would be carried into the atmosphere by volcanic eruptions, 
and the other would tend to combine with the negative electricity of the bases, by 
passing through all the conducting bodies which established the communication 
between the metals or their chlorides in the solid, liquid, or gaseous substances that 
filled the fissures. Hence, he observes, a number of partial electrical currents w'ould 
circulate in the interior of the globe, producing electro-chemical reactions, of which 
we cannot appreciate the whole extent, but which certainly would give rise to 
numerous compounds. 
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long engaged the attention of miners, and in some mining countries, 
much importance has been attached to its practical bearings.* In 
the same countries also long experience has shown the miner that 
tlic ores he seeks are more likely to be discovered amid or against 
certain rocks tlian others, though the fissures in which they are 
found traverse several different kinds or modifications of rocks. It 
is very desirable that an observer should collect all fects of this 
kind, however ill-arranged they may sometimes be by those lirom 
whom he may derive them, and however needful their proper 
classification, from personal research, subsequently. At the contact 
of certain gi’anitcs with other, and for the most part, sedimentary 
rocks, and especially where tlu re may have been some modification 
or alteration of the latter from the intrusion of tlic former, fissures 
traversing them are often found productive of the ores of* the-useful 
metals, sufficiently abundiint to be worked, provided the districts 
generally are metalliferous, hi other words, *neli conditions, in a 
inetallilerous district, are not uncommonly those under which the 
ores-are the most abundant. In tlie mining districts of Cornwall 
and Devon the fissures through the junctions, or the vicinity of the 
junctions of the granite and schistose rocks, in those localities 
which may be termed inctalliferous,*f- Imvc been found to produce 
much ore, often not in the least quantity when they also traverse 
dykes, or ehannels as they are locally termed, of* the porphyries 
and granitic rocks known as elvans (p. 505). Those irregular 
accumulations of ore usually termed bunches are often found at the 
junction of granite and tlie scliistose rocks. In illustration also of* 
the occurrence of similar accumulations of either tin or copper ores, 
in the same mining country, when a fissure traversing schistose and 


♦ This son 1 e^^}lat common association of igneous rocks has also long since engaged 
the attention of geologists. Professor decker adduced abundant evidence on tliis 
head in 1832 and 1833 (Proceedings of the Geological Society of London, March, 
1832, vol, i., p. 31)2, and Jameson’s Edinburgh Philosophical Journal, 1838). He 
thence inferred the filUng of metalliferous veins by means of sublimation. 

The observer will find the connexion of igneous rocks and piineral veins treated 
by M. Elie de Beaumont with precision and, at the same time, wdtli ample detail, in 
his “ Note siir les Emanations Volcaiihpies et MetalliftTes.— Bulletin de la Societc' 
Geologique de France, 1847, 2nde serie, t. iv. 

t In illustration of the different distribution of chiefly metalliferous districts into 
which some areas, not unproductive of the useful metals, are sometimes naturally 
divided, It may be useful to mention, tliat Cornwall and Western Devon may be 
separated into six chief metalliferous distriats. 1. That of Tavistock (including 
Dartmoor, and the mining country of Callington and Linkinghorne) ; 2, tliat of 
St. Austell (including the granitic mnss of llensbarrow, and its schistose skirts) ; 
3, the St. Agnes district; 4, that of (Jwennap, Redruth, and Camborne; 5, that of 
Breague, Marazioii, and Gwincar; and 6, the district of St. Just and St. Ives, com- 
prising the granitic country between these two places. 
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porphyritic dykes (clvuns), ])tisscs through the latter, the following 
section (fig. 26!fi), across the lode at WlicaJ Alfred, Gwincar, may 

Fig. 286. 

fl • 



be useful. The elvan dyke, a A, is about 300 feet thick, liaving a 
direction about N.E. and S.W., and dipping at about an angle of 45® 
northerly. The lode c d, dipping at an angle of 72® to the north, 
traverses the elvan, a A, obliquely in its descent, at e /. While 
the fissure traversed the upper and adjoining slate, on the north, 
no great amount of ore was obtained, but upon entering the elvan 
it became more rich, and while passing through that rock, the ore 
was found to be so abundant as to afford a considerable profit.* 
After quitting the elvan at /, in its descent, and entering the slate 
beneath, on the south, the lode became poor.-f- 

The connexion of bunches of tin and copper ores in fissures 
where these traverse elvan dykes, viewing the subject generally, 
is well known practically to the Cornish miners, and its importance, 
as regards the abundant and profitable contents of the mineral 
veins in that metalliferous land, can be conveniently studied in’ 
many places. An observer may soihetimes find it remarked that 
a lode is split up into strings upon its entrance into an elvan, and 
it may also be stated that it is thence impoverished. Usually, 
however, when the facts are well investigated, it appears in such 
cases that the ore itself continues sufficiently abundant, occasionally 
even more abundant, though so divided into strings, branching 
amid fractured and highly-separated portions of the elvan, as not 


* Those engaged in this mine reaped a profit, it is stated, of 140,000/. at that 
time. 

t The width of the lode was from six to nine feet in the slate above the elvan, 
increased in the latter to twenty-five ^eet, and decreased in the slate beneath to ten 
feet. 

i If the observer will direct his attention to the Geological Survey Mop of Cornwall, 
he will find numerous examples of the intersection of eivaii dykes and mineral veins. 
The percentage of cases is considerable in which these intersections are accompanied 
by bunches of ore in fair quantities. 
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to be so profitably worked as previously. If clvans have been 
divided into joints, as ollen seems to have been the case, before the 
formation of the fissure traversing it and the adjoining rocks, it 
would probably happen that upon passing through them from these 
adjoining and less divided rocks, such joints would be the courses 
tlirough which the force producing the general fissure would act, 
multiplying the parts of tlic general fracture in the elvan, so that 
when filled subsequently by mineral matter, the vein should appear 
split up into strings where the elvan oecurred. If, as in the an- 
nexed section (fig. 287), a country composed of slate, a be 


Fig. 287. 



traversed by an elvan dyke, c d, having a jointed structure, and a 
fracture, e /, be made across the whole, it would be expected 
that where the fissure was effected across the jointed elvan dyke, 
the solids formed in the latter by the joints would be much dis- 
located, so that when the complicated fracture was subsequently 
filled by mineral matter, viewing such contents and their course 
alone, as is commonly the [custom in mining countries, the vein 
would be considered as split into strings at i g. 

The mineralogical nuxlification of the various rocks in metal- 
liferous districts, very commonly bearing the same names, is also a 
subject of no slight anxiety on the part of the miner, since, from 
experience in such districts, he find« that when it presents certain 
characters his chances of success as to the occurrence of the «)res he 
seeks, are considerably increased. Thus, in Cornwall or Devon, 
. ho usually prefers a granite or elvan which is, to a certain extent, 
decomposed. The particular character of the various kinds of the 
schistose rocks and the harder beds associated with them, is also 
carefully noted, and from experience, some kinds, when forming 
the walls of the fissures, are kno^vn to carry more ore than the 
others, while some again are regarded as unfavourable.* In dls- 

♦ As we liave elsewhere stated (Report on the Geology of Cornwall, &c., 1839), 
in Gwcnnnp ((’ornwall) the more experienced miners seem to prefer those argillaceous 
beds which accompany the red or variegatetl slates of the district, and which have a 
fine grain and a blue-grey colour. Respecting the value of the red beds themselves, 
opinions somewhat difler. Mr. Came states, that when the copper lodes in Gwennap 
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trlcts where the rocks are more generally bedded, excellent oppor- 
tunities may often be obtained for studying the modification of the 
contents of a metalliferous fissure according to the variation of the 

intersect the red beds they become unproductive, an immediate change taking place 
when they pass beyond tliem into another slate. In most lodes the miners have their 
favourite kind of rock or country, so that the whole tendency of their experience goes 
to show that particular mineral structures, other circumstances being the same, arc 
more favourable to the occurrence of the ores sought than others. The principal lode 
at Fow^ey Consols mines would seem to allbrd a good example of ore accompanying a 
particular set of beds. The slate in this productive mine dips away from the granite 
of St. Blazey, on which it rests, tow ards the east, so that, as the lode has a general 
east and west direction, the beds traversed by it on the lower part of the mine on the 
east rise towards the western end, and it is found that the bunches of ore accompany 
this dip, coinciding with certain beds, viewing the subject on flic laige scale. Tlie 
mode in wdiich the gossan and other marks of the usually higher parts nt a copper lode 
in Cornwall dip to the eastward in this mine is very interesting; gossan, with its very 
common accompaniment of native copper, green carbonate of copper and grey 
sulphuret, descending, above the bunches of copper pyi'tos, to the depth o^‘ about 
GOO feet from the surface, with the dip of the beds, on tlie eastern part of the mine. 
It is often very difficult to convey by words the dilferences in a rock wliich the prac- 
tised eye readily seizes as distinctive in these cases. 

Regarding the changes in the metallic contents of the Cornish mineral veins accord- 
ing to the character ot tlie adjoining rock, Mr. Came obser\cs, that “in (iodolphin 
the lodes were rich where the killas (argillaceous slate) was of a bluish-wdiite colour, 
but poor where it was black. In Poldice and lluel Fortune, the lodes in the killas 
continued productive until they entered a stratum of blue hard killas, wliich cut out 
the riches. In Ilucl 8411110, the copper lodes were very productive when in the soft 
light-blue killas; but a stratum of hard black killas underlying (dipping) rapidly met 
one lode at the depth of 44 fathoms, and the other nt 120 fathoms, under the adit, and 
at those levels both the lodes became poor. yVt Penstruthal copper mine the lode had 
been tried unsuccessfully at various times in parts where the granite was hard, but 
trial being made where that rock was soft, it became one of the most profitable mines 
in Cornwall.”— Trans. Ceol. Soc. Cornwall, vol iii., p. 81 ; 1827. 

M. Fournet has remarked oi? this subject that, commonly in Upper Hungary, the 
largest copper lodes arc found in fine clay slates ; that in 8axony the silver ores 
occur in gneiss; and that in the Hartz certain ores are intimately connected with 
grauwacke. Tlie veins of Kongsberg, Norw ay, are sterile in mica slate, and become* 
very productive in beds known by the name oi Faalbamdcr. At Andreasberg, Hartz 
the veins whicli pass from argillaceous slate into flinty slate lose their riches in the 
latter rock, ^ 

M. Fournet gives, from the information of M. Voltz, the following remarkable 
example of the contents (.f a mineral vein varying according to the character of the 
rocks on its sides :~The Wcnzal vein at Furstenburg runs nearly vertically from N. 
to S., across many beds of gneiss, about 60 feet thick, dipping east. Each of these 
beds forms a distinct variety of rock. 'J'he first is very inicacec us ; the second passes 
iido argillaceous slate ; the third is hornblcndic, and scarcely any mica can be detected 
in the fourth. The vein is shifted in the depth to the westward by several cross 
courses ; and it was between, two of these cross courses, distant from each other about 
240 feet, that it contained those ricln s for which it has become so celebrated. In the 
first bed of gneiss the vein merely formed a nearly impeiceptible string of clay ; in 
the second it suddenly acquired a thickness of from 12 to 18 inches, and was com- 
posed of sulphate of baryta, antimonial silver, red silver, and argentiferous grey 
copper. The antimonial silver was always found in large masses. In the third bed 
the thickness of the vein^is preserved,^ and the sulphate of baryta is continued in it • 
but the silver ores disappear, and a little sulphuret of lead is the only ore found. In 
the fourth bed the silver ores become as abundant as in the second, but the} gradually 
disappear in depth and are replaced by selenite (sulphate of lime), a little sulphmet 
of lead, and some traces of pure sulphur. * 
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rocks forming its walls. In Derbyshire, for example, where the same 
fissure not only passes through the mountain limestone, often with 
its associated igneous rocks (p. 558), but also across the surround- 
ing, and higher accumulations of shales and sandstones, the lead 
ore, sulphuret of lead (that chiefly found in the Derbyshire veins), 
keeps generally, though not altogether to the limestone series, and 
appears most prevalent in the upper part of it. The igneous 
rocks, commonly compounds of felspar and hornblende, sometimes 
dense and hard, at others originally vesicular, though the vesicles 
may be now filled by infiltrated matter, are considered unfavourable 
for these ores of lead. Indeed, at one time, the opinion of the 
Derbysliire miners was, that the vein did not traverse the toad-- 
stones (p. 559), or hlachstones^ as these igneous rocks arc locally 
termed, so unproductive are they.* It is now, however, well 
known that the veins, the true fissures, those locally termed rakes^ 
pass through these roc^ks as well as the limestones, the ores being 
commonly absent where these igneous rocks constitute the walls of 
the vein, its contents in those situations being composed of other 
mineral vsubstances.t Among the limestone beds themselves, some 
arc considered more favourable, as walls to the vein, than others, 
and certain of them, in wlilch much carbonate of magnesia occurs, 
arc disliked and looked upon as somewhat unfavourable. Though 
the veins arc known to be often continued into certain shales, not 
unfrcquently black and containing much carbonaceous matter, above 
the limestones, and though tliese shales h^ve occasionally bome^ as 
the term is, a fair amount of ores, looking at the district generally, 
this is the exception, and it is a still greater exception when the 
sandstones surmounting thcse^shales contain any appreciable amount 


* With reference to this rock, wliich appears to be chiefly a compound of felspar 
and hornblende, with oxide of iron, and thus unfavourable generally as the wall of 
fissures for the lead ore in Derbyshire, it may not be out of place to remark that the 
greenstone of Devon and C'ornwall, commonly of much the same composition, maybe 
considered, as a whole, unfavourable to the ores of tin, copper, and lead. The mode 
of occurrence of these greenstones, ns to proximity to graniite, intermixture with 
cl van dykes, and the intersection of cross courses, is tjie same as that of the slates 
with which they are accompanied ; the fissures, moreover, traversing them have the 
directions and are of the same kinds as those be&ring ores elsewhere. Though certain 
mines at St. Just might be considered as exceptions, this is more apparent than real, 
abundant ores rarely being detected in the greenstone itself, which, from the dip of 
the beds near St. Just, often appears to occupy more of the mass of rocks there found 
than is really the fact. • 

t In the coses wlierc a fair proportion of galena has been found in fissures through 
the toadstones, it has usually happened that the vein traversing the limestones above 
or beneath, and sometimes both, contained much ore ; it thus appearing as if a super- 
abundance of the pro found its way amid the toadstoiic, the effects due to the lime- 
stone being sulficiciitly powerful for the purpose. 
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of ores, thoxigh a fissure may have traversed all tlieso various 
rocks, arranged as beds, and have been open to solutions of a simi- 
lar kind at the same time. Taken as a whole, the upper part of 
the mountain limestone series in Derbyshire is die most metal- 
liferous, and in it certmn beds appear more favourable for the 
occurrence of the ores of lead than others. This seems to hold 
equally well whether the sulphuret of lead be found in fissures tra- 
versing all the rocks, or in the joints and cavernous placi s in the 
limestone series. The metallilerous depisits arc not confined to 
the irregular cavities so frequent in many limestone countries in 
different parts of the world, but extend to those which arc situated 
between the beds themselves, and arise either from the partial 
removal of clays which were once interp^ed hetween som i of the 
beds, or from the original small s|)accs between them having Ix-en 
enlarged by the same causes as those wliich liave formed the otlicr 
irregular and gi'catcr cavities. 

Many of the small metalliferous veins in the Derbyshire lime- 
stone axe but joints (p. G24) in that rock that have been so Open 
as to receive a deposit, which, when sufiicicntly composed of the 
sulphuret of lead, the miner will follow in his workings.* From 
finding these above a bed of toaddone or blaclcstoyie^ and also 
beneath that igneous rock, with no connecting joints through it, 
the impression seems in a great measure to have arisen that the 
veins did not traverse the toadstone. The cavities in that district 
wlicrein sulphuret of lc?d has been discovered arc very numerous. 
When they rise through the beds they arc usually termed jnpeSy 
and when interposed between thcniy flat works. Upon studying, 
the cavities in limestone districts (?f this character, it will be 
evident that these distinctions arc not always very applicable, and 
that irregular cavities rising upwards may have numerous branches 
from them running amid the beds themselves, tliat joints may cross 
the cavities, and real dislocations traverse the whole. When care- 
fully examined, leaders, as they arc termed, seem always found in 
such situations, so that dislocations having been effected, a com- 
munication was formed between them and the other kinds ol' 
cavities, and thus any solutions or gaseous matters rising through 
the dislocations would enter into them. One of the largest cavities 
worked for lead ore seems to have been that at Crich, whence a 
few years since considerable tluantitics were raised, the sulpimrct 
of lead encrusted, as well overhead as on the sides, by layers of 

* Many, though not all, of the strings of ore which the Derbyshire miners term 
skrins, are in joints. 
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fluor spar and sulpliate of baryta, two very common veinstone 
minerals in certain parts of Derbyshire. 

Let, in the annexed section (fig. 288) a a* represent apart of the 
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limestone series of Derbyshire, and b an interposed bed of toadstmie^ 
(brined after the beds of limestone a\ and prior to the deposit of 
those at a, and /, Ar, m be fissures traversing all the rocks ; A, /i. A, A, 
being ordinary joints in the limestone which do not traverse the 
toadstonc ; p, p^ irregular eavities in the limestone, and f /, the 
common interstices between the beds, enlarged by the removal of 
parts of tlie adjacent limestone In tlic usual manner ; then a variety of 
spaces, differently communicating with each other, may be all filled 
with mineral matter contemporaneously derived from the same 
supply, and be all known by different terms among the miners. 
T\io fissures g i, d A, and c m, would be the channels {rakes) 
through which the various mineral substances introduced from 
beneath could pass into the irregular cavities p p {pipes) ^ the 
enlarged spaces between the beds fyf {fiat work\ and into the 
joints A, A, A, A {skrins) ; all these varieties of open spaces occa- 
sionally intermingled, according as they* locally occurred. The 
main fissures would be considered as passing through all the rocks, 
•while tlie joints, or at least a large proportion of them, might 
terminate at the toadstone.* • 

Of the occurrence of the ores of lead in spaces between beds 
which were open when they and the other contents of such cavities 
were accumulated, that at Fawnog, two miles west from Mold, 
Flintshire, may be selected as an instructive example. From the 
information of Mr. Warington Smyth, it appears that after some 
unprofitable search for lead in shallow workings between the car- 
boniferous limestone and its covering of the arenaceous rocks known 

* The joint fissures through the toadstonc appear to be very few when compared 
with those in tlie limestone. Although to render the complicated mode of occurrence 
somewhat more clear, the joints alone are noticed in tiie section (fig. 288), it should 
be stated that in some parts of Derbyshire, and independently of the joints, the frac- 
tures, when a main dislocation w'os efiected, seem to have been more extensive in the 
limestone than in the toadstonc, as might be expected from the application of .the 
same force to bodies so different in tenacity, so that the same crack is more ramified 
in the one than in the other, and the minor fractures appear to terminate at the 
toadstonc. 
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its milhtone ffrit, it was discoveitHl that ore was iibundantly dis- 
tributed in Hjlat, or stivak of ore, between these rocks, the streak 
being elongateil on ^an E.N*E. direction, that of many of tlie pro* 
vailing fissures, containing lead, in the adjoining country. By 
Mowing this ‘‘flat’' downwards, on the dip of the beds, many 
thousand tons of very excellent sulphurct of lead were obtained in 
a few years. Subsequently, another mining company sunk a slialt 
still further upon the dip of the beds, and cut the same kind of 
deposit in a continuation of the same plane between tlie milLstonc 
grit and carboniferous limestone. From this t>tlu»r str ik, or flat 
of ore, sevemi thousand tons were also r.nsed in a lew y« irs. The 
ground being thus proved for half a luik in K ugth, and iereed by 
sevemi shafts, a very good illustration is aflorded of tlie ixtensive 
occurrence of a metalliferous deposit bi twcen two diflenmt kinds 
of rock, and probably alsi) after their d(‘posit, the accuimiLtimi of 
the lead ore being simply in a cavity jiartially existing* between 
dissimilar beds, instead ol in a vertical fissun*.* 

As regards the deposits of mineral matter, including ihocc of 
the useful metals, in joints of rocks (and tlie crossing of small veins 
is sometimes little else than the latter), tlie partial lilling of joints, 
traversing alike granite, the veins from it, and the schistose rocks 
through which It lias been protruded, may be easily studied at St. 
Mlcliael’s Mount, Cornwall. The joints, well exposed from tlie 
insular position of St. Mlcliael’s Mount, and from the united action 
of the sea and atmosphe^^je, give the granite the false appearance of 
being regularly divided into vertical beds, ranging about E. 10° N., 

• Warington Smyth, MSS,, who further adds, that the underlying limestone is^ 
semi-crystalline and grey, abounding in stems 6f encrinites, and occasionally pierced 
by swallow-holes,” or water-channels running in various directions, the surfaces of 
w’hich are smooth except where projecting fossils are found sliowing their better 
resistance to the power which removed their once-containing limestone. The roof 
(millstone grit) is generally a sand, partially calcareous (also containing stems of 
encrinites), about 18 feet thick, surmounted by a bed of hard sandstone 30 to 3G feet 
deep; this succeeded by various sandstone and conglomerate beds, amid which tJiere 
are occasional lenticular masses of limestone. The Jiat itself was composed of light- 
coloured argil’aceoustmatter, from 15 inches to 8 feet in thickness ; the metalliferous 
portion averaging 14 inches thick, hut in some places attaining the full height of 8 
feet, and consisting entirely of sulphuret of lead. Several streaks of ore were found 
with the same general direction. The third “ fiat ” found (working in 184y) was 
often surmounted by 6 or 8 inches of compact carbonate of lead. “ The fact,” 
observes Mr. Warington Smyth, “ of strings of ore from the main * fiat’ having been 
traced for 30 feet downwards amid the limestone, and 18 feet into the arenaceous 
beds above, is sufficient to show that the introduction of the sulphuret of lead has 
been effected subsequently to the deposit of the millstone grit.” As to the loose 
sandy character of the surmounting bed of rock, this would readily arise either from 
the decomposition of the millstone grit above, while the lead ore was being deposited, 
or from subsequent decomposition by the passage of water amid its cementing cal- 
careous particles. 
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and W. 10® S. A change in the structure of the granite is clearly 
perceptible towards the joints, and in them are found quartz, mica, 
topaz, apatite (phosphate of lime), peroxide of tin, wolfram (tung- 
state of iron), tin pyrites (sulphuretof tin and copper),* schorl, and 
occasionally other minerals. These are but mineral veins of a 
particular kind, and on tlie small scale. As to the peroxide of tin, 
it is one of the common ores in the fissure veins of the vicinity .; 
and as to wolfram, more of it accompanies the tin ores in certain 
parts of Cornwall than is convenient for the miner. Quartz is the 
most abundant mineral in the open spaces, sometimes^crystallized, 
at others filling the joint wholly to its sides. Where these joints 
traverse the granite veins, and the adjoining (altered) schistose 
rocks, they sometimes also present interesting examples of differ- 
ences in their contents, according to the kind of rock forming their 
walls. Tlic subjoined plan (fig. 289) is one of part of St. Michael’s 
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traverse the altered slate rocks (ivliicli are shaded), a small 
included portion of the latter being seen in the largest granite vein 
at (?. A joint 5, i, traverses both the granite veins and the scliistose 
‘rock, and of c? is a parallel joint less wide. The latter is filled 
with mica where it crosses the slate, but contains also quartz, and 
is even occasionally altogether cemented together by that mineral 
where it traverses tlie granite veins. 


* The variety of tin pyrites which we thence obtained also contained zinc. The 
following is an analysis of specimens of this nyneral from St. Michaers Mount : — 


Tin. . , . 

. . . 31-618 

Copper. . . 

. . . 23-549 

Zinc . . . 

. , , 10-113 

Iron . . . 

. . . 4-71)0 

Sulphur . . 

. . . 29-929 
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The long-celebrated Carglaze tin mine, near St. Austell, Corn- 
wall, also shows joints filled with mineral matter, including per- 
oxide of tin. Many of these have been worked profitably, the 
granite in which they occur being soft from decomposition. The 
granite being also white, these joint veins, composed of black 
schorl and peroxide of tin, mingled with quartz, have a marked 



large portion of these lines will be found dipping bcneatli tlu* 
adjoining slates, as is usual with joint lines bounding the masses oi’ 
Devonian and Cornish granite, and they arc crossed by otlier joint 
lines, also in the usual manner. A large proportion ol’ tlic granite 
country on the north of St. Austell, particularly in the vicinity oi' 
Ilensborough, exhibits similar strings, in which schorl and peroxide 
of tin are intermixed, and so agree with lines, representing joints, 
that tliey appear little else also than the filling of spaces among 
such divisional planes \ff mineral substances, finally much harder 
than the granite amid which they were deposited, the latter having 
become to a considerable extent decomposed.* With respect to the 
schorl in these joint veins, the observer will find, upon studying 
many of the highly schorlaceous portions of the Devonian and 
Cornish granites, at their bourfdaries towards the slates, or surround- 
ing bosses of them, that it may often be found occupying a position 
near the joints, and, with quartz, sometimes entirely filling up the 
space between their walls, both minerals appearing to have been 
derived from the adjacent granite. 

Not only arc certain minerals, including the ores of the useful 
metals, found in a fissure more frequently adhering to, or accumu- 
lated near, particular rocks or modifications of the same rock, in 
the manner above noticed, but also in some districts, where more 

♦ The works upon these small joint veins and upon the fissure veins also traversing 
the country, the channels, it may have been, through which part, at least, of the con- 
tents of the former have been derived, are very extensive in that part of Cornwall, 
the tin ore having been of excellent quality, and the granite of the district being easily 
worked, from its state of decomposition. 
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(^rcs than one occur in sufficient abundance to be profitably worked, 
so that the ground is well explored, fissures in 'given directions are 
observed to contain certain of these minerals more than others. 
Even as regards these also, there would appear to have frequently 
been conditions under which minerals, chiefly found in fissures 
taking given directions, were accumulated more in some parts of 
the same fissure than in others. The mining districts of Devon 
and Cornwall^ may be studied with advantage in this respect, 
though similar facts arc well known in other mining countries in 
different parts of the world. 

Keferiing back to one of those districts (fig. 216, p. 566), it is 
chiefly in the fissures, v, v, v, having an easterly and westerly 
direction, that the tin and copper ores arc obtained in profitable 
abundance, while those ranging northerly and southerly, d, d, c?, 
often contain the ores of lead, iron, and some others. There are 
exceptions, but, as a whole, this distribution of ores is somewhat 
marked. Upon careful investigation it has been found that the 
north and south dislocations have been formed subsequently to 
those having an easterly and westerly direction, the proof being 
(p. 654), that tlic contents of the latter have been broken through, 
as well as the rocks forming their walls, and that new matter has 
been accumulated in the new fissures. The observ^er has, therefore, 
in sueli eases, not only to bear in mind the direction of the fissures, 
but also the difference in time when eacli of’tlie two sets may have 
Ix'en produced, so that if at one time the conditions for the forma- 
tion of the ores of tin and copper prevailed, and those of other ores 
at another, the opportunities lor the production of various ores in 
^all the fissures were not contemporaneous, but different. This 
circumstance lias to be fully* regarded, as well as any influences, 
causing the deposit of certain substances, which the direction of a 
lissure itself might occasion.t 


* The obsen'or will find a considerable mass of important information respecting 
those mines, in Mr. llenwood’s work on tlie Metalliferous Deposits of Cornwall and 
Devon ; n ith Appendices on Subterranean Temperature, the Electricity of Rocks and 
Veins, the Quantities of Water in the Cornish Mines, a^d Mining Statistics, forming, 
vol. V. of the ‘‘ Transactions of the Royal Geological Society of (>>rnwall,” 
Penzance, 1843. 

t The study of the different fissures in Cornwall, some containing ores, others not, 
induced Mr. Came, in 1822 (Trans. Geol. Society of Cornwall, vol. ii.), to class them 
under eight divisions, on the principle that the fissures of one epoch had a given 
direction, and were only cut through by thos^of subsequent times. By east and mst 
lodes^ Mr. Came says that he moans “ metalliferous veins whose direction is not more 
than 30^ from those points ; by contra-lodes, metalliferous veins whose direction is 
from 30® to 60® from cast and west ; and by cross courses^ veins whose direction is 
not more than 30"' or 40^ from north and south.** 
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Taking certain minerals for study, and especially the on*s of the 
useful metals, the observer will often find much of interest in tlie 
manner in which they may be distributed, ns it were, contempo- 
raneously in the same fissure, ('ertaiii combinations of rocks will 
sometimes suggest themselves, if not as the chief cause, at least as 
among the conditions which nay have assisted in rendering the 
ores of one metal more abundant than those of another in the 
range of parts of the same mineral vein. At otlier times tliis view 
does not so well accord with the facts observed, "J'he continuation 
of the great Crinnis lode, running from the coast near Criniiis 
Island, Cornwall, into .the granite, may be noticed as an example 
of the same fissure being cupriferous amid the slate country, and 
cbiefly stanniferous towards the granite. With respect to the dis- 
tribution of tin and copper ores in Cornwall, certain of the copper 
mines in that country are well known to have been worked for tin 
upon their lacTcB^ as the upper parts of mineral veins are often 
termed in some mining districts, and to have been abandoned when 
the copper ore was attained beneath, such ores not being considered 
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worth raining at that tiino.^ Some of these eases would not 
appear, as will ho licrealter seen, Uy justify the’ view that the tin 
ores occurred to tlic (exclusion of those of copper, but they never- 
theless seem to show that tin ores were present in the higher parts 
of these lodes, and were scarce, if not ab«>lutely absent, l^neatb,t 

Points of this kind in connexion with other ores are also well 
known, and require similar attention, as, for instance, the frequent 
presence of copper pyrites on the backs of many of the lead veins 
in Ciirdiganshirc (Goginan, Cwm Sebon, and others). In veins of 
mixed ores of* different metals, where some of each arc found 
(lisscminated through them, the relative abundance of the ores is 
sometimes found most materially mrjdificd at different depths, and 
this occasionally even to a certain extent irrespective of the kinds 
oi’ rock forming the walls of the veins, though this influence 
rccpilres always to be steiulily borne in mind. Thus with s^^ine 
ores of zinc, lead, and copjM.T, as, lor example, in tlic well-known 
Ecton mine, Staflbrdshire, the sulphuret of zinc was found most 
abundant in the <lepth, the sul[>huret of co[)pcn' (veupied a central 
position, an<l sulphurot of lead was found in the higher parts.^ lu 
tlie Spital vein at Schemnitz, according to Mr, Warington Smyth, 
whore tlic sulphurets of silver and lead are raised, though the 
latter is argentiferous Ixjneath, the ore> towards the higlier j>ortions 
of the vein are cliiefly sulphurets and <Uherores of silver, in which 
cither lead is sc;irce or absent. 

In tliis kind of investigation it is very Requisite that attention 
sliould be directed, not only to the kinds of rock which may be 
traversed by the veins, as alx)vc noticed, but also to the decompo- 
sition and cliangcs which may have taken place in a fissure, or 

* Mr. Came (Copper Mining of Cornwall; Tjans. Geol. Soc. of Cornwall, vol. iii. 
p. 37) notiees Wheal Damsel and Wheal Spinster copper mines as instai.ces inhere 
the upper parts of the veins were taken away for the tin tliey con'ained “The 
granite walls of the lotle are still visible,*' he remarks, “at the surface and to the 
depth of three or four fathoms, having a space of about 4 feet between them. It is 
probable, that if the rubbish were taken awa}* the space would bo found to extend to 
the depth, perhaps, of 10 fathoms (60 feet), or os deep as the ancient mineis couhl go 
without being obstructed by water. Fn>m this spare the fine gftssau of the copper 
lode w'as wholly taken away, and the tin ore extractetl fro|ii it." 

t At Dolcoath mine, Camborne, one which has been long in work, it has lately 
been found that tin occurred in profitable quantities in the depth after the vein had 
been worked chiefly for copper, the higher portions having formerly furnished tin as 
the principal ore. The ores of copper and tin arc sometimes more mixed in Cornish 
mines than the distinctive names of “ copi«»r lode " or “ tin lode " would lead those 
not familiar with those mines to supprse. * 

X In this mine, particular beds of limestone were found so much more favourable 
for ores than others, that they were always followed by the miners ; and a.s the be\i8 
of that part of Statfordshire (adjoining Derbyshire) are much contorted, the workings 
have a remarkable appearance in consequence. 

2 Y 
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other cavity, after some original condition of its contents, a subject 
itself of no slight importance. There arc certain facts known 
which appear clearly to show material changes and modifications 
from a previous state of mineral veins, among which those from 
surface influences are often most marked. In veins where copper 
pyrites is abundant, for instance, the changes from decomposition 
often extend to depths more considerable than at first might be 
expected. This ore, essentially a combined sulphuret of copper 
and iron, when exposed to surface influences, becomes decomposed, 
sulphuric acid being apparently produced by the action of oxygen 
upon tlie sulphur, this acid then attacking the metallic parts of the 
ore under the conditions in which it is placed, in such a manner 
that sulpliate of copper is removed, and the iron, in the ores, is 
left, forming eventually, from a continuance of the same Influences, 
a hydrated peroxide of iron, in which other substances, originally 
entangled in the ore, may still remain. To tlicse hydrated peroxides 
of iron the term gossan has been applied by the Cornisli minors,* 
and in them are sometimes found disseminated tin, silver, rf and 
some other metals, those which were mingled with the original ore 
of copper pyrites. M(3difications of this kind would require not only 
a certain amount of geological time during which they could be 
cflccted, but also sufficient proximity to atmosplieric influences. 
It will be evident, if geological changes should bes\ich as to remove 
a large portion of* the present surface in mineral districts, so that 
numerous bunches of cj^e in the veins sliould be, for the first time, 
exposed to atmosplujric influences, that, to whatever other source's 
of change and modification the contents ol* the veins containing 
them may have been exposed, such newly-exposed portions would 
liave to undergo the alteration noticed in the cases of copper pyrites, 
and that the copper in solurion, as a sulpliate, would percolate to 
some situation where it would remain as such, or suffer subsequent 
change. The attention of the observer will not long have been 
directed to the conditions of a vein containing gossan, above 
bunches ol' copper pyrites, before he will find that not only metallic 
copper, but also the oxides and carbonates of* cojipcir arc somewhat 


* The German minertf term this decomposed ore nhernr and the Frencli 
chnpenv (le fer, expressive names showing their liighcr position in the mineral veins. 
The former say— 

Es ist nie ein Gang so gut, 

I)er tragt nicht einen cisernen Hut.” 

t Several of the gossans in Cornwall have been found t(» contnin silver, tliough 
this metal has not always been obtained in (juantities sutticient to be profitably worked. 
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frequent between tliem, as well as in situations where it may 
readily have liappened tliat a solution of sulpliate of' copper, derived 
from decomposed copper pyrites above, could find its way. He 
may often, moreover, sec the metallic copper in chinks and other 
situations, reminding him of the deposit of copper by the electrotype 
process from solutions of the same kind. He thus has to (y)nsicler 
the vein and its walls with reference to their electrical conditions. 
If metallic copper were thrown down in fitting situations, he 
would probably have no difficulty in inferring that the oxides 
resulted from the action of the oxygen contained in the surface 
waters, as part of the common air disseminated in them, and that 
the carbonates were formed by the subsequent action of carbonic 
acid also contained in the same waters.* Hearing in mind the 
mode of' occurrence of the mixed ores of tin and copper of Cornwall, 
and tliat some of the mines were formerly worked for tin, with a 
prevalence of copper ore beneath, it may readily have happened 
that the stanniferous parts of such veins may once have been more 
rich in copper pyrites, and that the latter had been removed, in 
the manner above mentioned, and the tin chiefly left in the gossan, 
so as to render it principally stanniferous. 

Changes and alterations of g, similar kind are, as might be ex- 
pected, found at the higlier parts of' veins containing other metals, 
especially of those the ores of' which seem more or less easily acted 
upon by atmospheric influences. Thus on the Ixicks of veins con- 
taining sulpliurct of lead, the carbonates ol^that metal maybe often 
f'ound. M. Hausman has suggested that the change has been 
^effected by the conversion of the sulphur of the sulphuret of lead 
into sulphuric acid, which, combining with calcareous matter, set 
free carbonic acid, that, in its turn, combined with the lead, 
forming the carbonate. In those cases’ where the veins of sul- 
phurct of lead are found amid limestone, and the carbonates in 


* The condition of many small Homan copper coins found a few years since near 
Aberystwyth, Cartliganshiro, illustrated these changes \^ith yiore than the usual 
evidence,' tljough Ihe common patina or fnu/o ui)on ancient copper coins also shows 
tlie same tiling. The pot in which the coins were buried was found not fur from tlie 
surface, and the coins themselves had been exi>osed to the action of atmospheric 
intluenccs; the waters, containing common air and carbonic acid finding their way to 
them, had produced the red o.\itle of copiK'r on the surface of some of the coins, beau« 
tifully crystallized, while on others the further change into the carbonate had been so 
effected as to present the usual mammillateil ^jharacter of malachite, sections of it 
showing the common variations in colour of that mineral. Illustrative specimens of 
these coins are now’ in the collections of the Museum of Practical Geology. Mfuiy 
ancient bronzes, when long exposed to the needful conditions, as has happened with 
most of those discovered at Nineveh, well illustrate the changes of the copper iu 
them from the metallic state, through (he red oxide, to the carbonates. 

2 Y 2 
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their higher parts are sufficiently common, this change may readily 
have been thus effected. 

In illustration of the conversion of the native sulphuret of lead 
into a carbonate, it may be useful to remark tliat in the under- 
ground refuse of the old workings* * * § of the Derbyshire mines, some 
of which may reach back to about 1700 years, and wliich is still 
turned over for the ores it may contain, tlic small pieces of sul- 
phuret of lead are found wholly changed into the carbonate, and 
the larger pieces are thickly coated with the same substance. J he 
minors observe that in the places where tliere has been most water 
the alteration is nu»st markal and considerable.J A further illus- 
tration of this kind of alteration is to be found in those cases where 
pieces of sulpluiret of lead are distributed in marl or loam, with 
fragments of limestone, in a few localities In the same dis^*i(;t ; as, 
for example, at a mine named the Green Linnets, near Brassington, 
where pieces of lead ore a])pearing to have been detached from 
some neighbouring vein and distributed in the marl or loam, pro- 
bably at the tertiary period, arc found. The fragments of suljdniret 
of lead are sometimes wholly, at others partially converted into a 
crystalline carbonate of lead. Bimilar Illustrations of changes into 
the phosphate are also to be well observed at the same mine, wliolc 
fragments of sulpliuret of lead having been, in a like manner, con- 
verted into the phosphate of lead,§ a substance also found not only 
in the higher parts of lead ^ eiiis in other situations, but also at tlic 
depth of 150 feet and more, as, flir example, at the Golden Valley 
mine, and at other places in the vicinity of Winstcr, Derbyshire. 

Calamine seems frccpiently little else than blende, changed in a 
similar manner, the sulpliuret being ^ converted into tlic carbonate 
of zinc, the sulphur having disappeared, and being replaced by 
oxygen and carbon. The conHitions under which a large propor- 
tion of calamine is so often found, especially in limestone districts, 
would appear to render this view extremely probable. In Talar- 
goch, Flintshire, it is seen iioav forming, and apparently from a 
decomposition of’ the sulpliuret of zinc in the same vein, being 

* Among the ancient pigs of lead found in Derbyshire, one was discovered in 1777, 
at Cromford Moor, with the inscription, in raised letters, of IMP. (’AKS. 11A1>KIAN1. 
AUG. MEI. LVl. According to Mr. Pegge (Archaeologia, vol. iv.), this pig may 
have been cast about the year 130. , 

t This refuse, left in the w’orkings, is locally known as OM Man, 

X It should be notice.!, with reference to this water, that it usually contains much 
bicarbonate of lime in solution. 

§ Illustrative specimens, exhibiting these modifications and changes, will bo found 
in the collections of the Museum of Practical (Jeology. 
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brought in solution, like bicarbonate of lime into limestone caves, 
and deposited in the workings of the mine * * 

Independently of these modifications and changes in the higher 
j)ortion8 of mineral veins, there are otliers to be found occasionally 
in all parts of them, showing tliat the substances thrown down in 
them, or against the walls of the fissures liave been again removed, 
their places either vacant, or replaced by other substances filling 
the cavities which were thus left A large proportion of the pseu- 
domorphous crystals of different minerals has l:>een thus produced — 
at least those of them which have, as it were, filled moulds pre- 
pared for them in a vein, by the removal of some first-formed 
substances, coated by others prior to such removal. Of this kind 
of cliange the observer may often study examples in the fissures 
and cavities of mining districts, as also in the half-decomposition 
and partial removal of various mineral bodies. Vein quartz is 
sometimes found as if it had been partially attacked by solvents 
and left in a higlily-porous state, evidently from a loss of a portion 
of its substance, and not from the rernoval ol* more soluble sub- 
stances which may have been once included in it, a circumstance 
to be carefully investigated, since the latter has sometimes been 
clearly the case. 

In some veins the changes of conditions for the deposit and 
removal of mineral matter arc highly interesting. Some circum- 
stances observed in the Virtuous Lady Mine, near Tavistock, 
Devon, a few years since, may serve to illustrate these changes. 
The fissure in which this vein occurrdfl was very iiTCgular, and 
sometimes the cavity between the walls extended to many feet. 
Upon the walls there had been first deposited, (1) a mixture of 
(juartz and copper pyrites, the latter often crystallized, the original 
tetrahedrons so elongated as to fbrji^ rough prisms with pyramidal 
summits ; (2) upon these, cubic crystals, often of considerable size, 
were accumulated, and were probably of fluor spar (fluoride of 
calcium) ; (3) an incrustation of carbonate of iron then completely 
covered the wliolc ; and, (4) the substance forming the cubes being 
dissolved and removed, and so as not to injure* the carbonate of 
iron, (5) cavities were left in which silici and the sulphuret of 


* The composition of calamine is very variable. According to the analyses of 
INI. Uorthier. tlie carbonate of zinc varies in ite ores from 30 to '.*0 per cent. ; the other 
substances in the ore being carbonates of iron, manganese, load, and lime. It often 
appears as if the carbonate of zinc had been do|>tisitcd from solution, and was n)i\cd 
widi other substances throw'ii down at the same lime, these commonly carbonates, the 
whole not unfrcqucntly deposited in veins amid limestones. 
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copper and iron (t*op{)or pyrites) entered and beemne rrystullixcd, 
these latter minonvls nut, however, entirely lilline' the cavities. 
Thus, after the Ibnnation ot* the lissure, there apix'ur to have been 
at least live changes of condition in that part ol the vein where 
these facts were observed, during one of which the fluoride ol* 
calcium, previously deposital in a crystallized form, was removed, 
while its coating of carbonate of iron remained uninjured. It is 
very desirable that modifications and changes of this kind should 
be carefully investigated, especially with reference to the structure 
of the rtx;ks in which the fissures and other cavities may be found, 
and to the probabilities of any new fractures being the means of* 
introducing new solutions or gaseous matters which should act on 
any substances previously accumulated in them. Not only will 
the observer have to study those more common pseiidomorplious 
crystallizations where one substance is deposited, becomes coated 
by another, and is removed and replaced by a third substance, in 
the manner above noticed, but also the removal and replacement ol* 
cerUiin minerals, as if molecule by mnlceule, the (bnn of the origi- 
nal crystal rcmaininij unclianijfed. With n‘‘^»r(l to the substitution 
of the carbonate Ibr the sulphuret oi’lead, as previously mentioned, 
tlioiioli fragments would serve to show this cliange, the original 
form of* the sulphuret of lead being still retained, crystids of tlie 
latter have l}een found completely rej)lace(l by the carbonate of* 
lead, as for example, in Derbyshire, at a mine in the Long Tor, 
Matlock. Copper pyrites has been found in Cornwall and else- 
where, replacing carb(jnafc of iron, the forms of the crystals of the 
latter completely preserved ; and numerous other changes are well 
known, where there seems no reason to suppose that the pseudo- 
morphous minerals have been the result of deposit in moulds, the 
latter removed, so that no trace of them has been left,* thougli no 
doubt this is a circumstance to be regarded and carefully considered 
at all times in investigations of this kind.t 


* M. Becqucrel, while noticing these changes, mentions the following fact as illus- 
trating their productit.n from those analogous to cementation, to which he attributes 
an electrical origin. M. Darcet left a idatc of steel during eight years in a case at 
the Mint, at Paris, in contact, by means of one of its ends, with a solution of nitrate 
of silver, which reached it very slowly from a fissure in the vessel containing it. One 
half of this steel plate was entirely changed into very pure silver, offering a resisting 
mass without the least trace of iron. The volume of the plate of silver was visibly 
the same ^\ith that of the plate of steel. 

\ With reference to these changes,* it may often have hajipened, as now, with 
certain solutions flowing over the surface of land from Assures as springs, that the 
metalliferous matter in some of these solutions was borne away in a manner to be 
combined with some ordinary sedimentary deposits within moderate distances. In 
some loculilles deposits of this kind, forming bauds in dctritul strata, may aid in 
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Examining the manner in which the substances have been 
arranged in the fissures, or other cavities, after the action regulat- 
the deposit ol* certain bodies against their walls, more upon 
some rocks than others, and the direction of the fissures themselves 
are considered ; the most simple mode of occurrence presented is 
that where a single substance may be found in them. This sub- 
stance may either have been derived from the adjoining rocks, by 
solutions formed in and percolating through them, such as is shown 
by quartz veins amid siUccous rocks, aqd calcareous veins among 
limestones, or be derived, such as the peroxide of tin, the sulphu- 
rets of lead, copper, and antimony, and other ores from other 
sources, strings even of metallic silver and larger breadths of 
metallic copper presenting themselves. In the first case it may be 
aiipareiit I'rom successive coatings of crystals, each pointing in- 
wards, and from both sides of the fissure, that the filling has been 
a work ol’ time, during wliich the conditions only for the de]yjsit 
ol' tlu‘ single substance prevailed in the part of the ILssure seen. 
Tlio following section (lig. 291) will illustrate these successive 

Fig. 291. 



de[»osits, a b being a line of fissure, cutting through any ckiss ol 
rocks, d d ; successive coatings of a single substance, c c cc, filling 
it up towards the centre, where, for still further illustration, occa- 
sional cavities may be supposed to itmaiii. The probability of the 
single substance so Ibund being more or less directly or indirectly 
derived from the rocks traversed, will have to be weighed with 


assisting the geologist in tlic relative dates for the filling of fissures with ores in a 
tlistrict. For example, at the Hook Point, county Wexford, aiid also nearer Uie town 
of Wexford, the upper part of the old red sandstonq scries contains carbonate of 
copper mingled with vegetable remains, the bonds with this interspersed carbonate of 
copper several times repeated. It might thence be inferred that this carbonate had 
been derived from veins of copper ores traversing the adjacent Silurian rocks, so that 
these veins were formed anterior to the deposit of the old red sandstone of that part 
of Ireland. In certain mining districts solutions of sulphate of copper are sufficiently 
strong to produce marked effects among oi^ ordinary deposits to which they could 
How uninterruptedly for a long lapse of time. The cupriferous slates of Mansfield 
are well-known examples of dotritul accumulations containing disseminated copper, 
usually copper pyrites, profitably worked. And here again organic matter is often 
mingled with the ore, reminding us of the mode of occurrence of certain iron pyrites. 
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reference to tlie conditions of the locality. If in a limestone 
country, such as the mining districts of Derbyshire, an observer 
found the successive coatings composed of calcareous spar, he might 
be led to infer that this substance was derived from the limestone 
beds, so abundant around, and in which the fissures may be formed, 
while, if composed of sulphate of baryta, a common mineral in 
parts of that district, he might be induced to seek other sources 
of supply. Should the single substance in a vein amid limestones 
be fluoride of calcium (fluor spar), while he would sec that an 
abundant supply of calcium was at hand to combine with fluorine, 
he might question the limestone having been the source of tlie 
latter substance in tlie quantities found in the veins. 

Single substances are not only found thus joining the walls of‘ 
fissures togctlicr, but also cementing fragments which have fallen, 
or have been introduced into them, and sometimes in a nainner to 
show that such fragments may have fallen in upon the cementing 
matter wliilc it was being deposited, since they are, as it were, 
isolated, and suspended amid the cementing substance that may 
thus, not only bind those together which have clearly touched one 
another previous to its introduction, but also envelope some which 
are occasionally well separated from any others, and therefore could 
not have received support from them. The fragmentary condition 
of' mineral veins is to be seen in some parts of most mining districts, 
and may often be as well studied in fissures* wherein the ores of 
the useful metals do not occur, and as they arc exhibited in natural 
sections, such as in cliffs ’on the sea-cotists or inland. The cement- 
ing substance of fragments may be any of those contained in 


* Tn Cornwall, >\hcre fragmentary lodes arc net uncommon (Report on the Gcoloj^y 
of Cornwall, &c., ]). 323), that of the Kelistian mine v as remarkable as showing 
rounded pebbles of slate and quartz (tiu latter from the] character evidently having 
formed parts of some vein) cemented by peroxide of t a and copper pyrites, 'fhe 
chief mass of this conglomerate was about 12 feet Ion ami as many in width and 
thickness, and was found in the lode (stanniferous) aboi t bOO feet from the surface. 
Scattered pebbles of the same kind were discovered bcyi .d the chief mass. Jn Wheal 
Badger lode, one near Kelistian, pebbles of granite were seen mixed with others of 
slate and (piartz ; and Mr. Came mentions pebbles liaving been found in the tin lode 
of Ding Dong Mine, near Penzance, and in the lode of Wheal Alfred, near Guincar. 
The rounded state of these fragments renders them interesting, from showing that 
they had been introduced in that condition into the fissure x)rior to the time when, in 
that part of the fissure, at least, the deposit of the tin and copper ores was effected. 
In other respects the mode of occurrence is the same with the ordinary fragments 
cemented by similar substances M Fournet (Etudes sur Ics Depots Metallifcrcs) 
notices pebbles of gneiss as found in t,he vein at Joachimsthal, at the depth of l!-2 
fathoms (1,152 feet). With resirect to the fragments of the adjoining rocks in veins, 
as might be anticipated, they are usually more common when the fissure is somcwliat 
inclined than when it becomes vertical, though they are also often discovered 
in the latter. 
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fissures, — as well the ores of lead, copper, tin, and the useful 
metals generally, as (others. Where the fragments are those of 
KKjks, wliich may be easily removed by decomposition from the 
action of solutions or gaseous matter in the veins, as for example, 
those of limestone by carbonic acid in water, cavities are then left, 
into which other substances, those found in other parts of the *^ein, 
may be introduced, in the same manner as the cavities left by the 
crystals above noticed have been filled by any other substances 
introduced into them.* 

The coatings of different kinds of mineral matter on the sides 
of fissures, as if from successive deposits of dissimilar substances 
from solutions in them, seem to have been first clearly pointed 
out by Werner, in 1791.t Among the examples adduced, he 
particularly noticed the vein at Segen-Gottes, Gersdorf, ‘‘ which, 
reckoning from the middle (composed of two layera of calca- 
reous spar, in which small druses here and there occur), thirteen 
beds of different minerals are arranged in the same order on each 
side of the vein, these are fluor spar, heavy spar, galena, &c. In 
the southern vein, Gregorius, the two layers which adhere to the 
sides of the vein arc composed of crystallized quartz ; next to these, 
on each side, is a layer of sulphuret of zinc, mixed with sulphuret 
of iron ; this is followed by’^sulphuret of lead, carbonate of iron, 
sulphuret of lead, carbonate of silver, red silver ore, and sulphuret 
of silver. The central part, wliich, of course, is most recently 
formed, is of calcareous spar.^J 

That this regularity should always b(? found, even in a fissure 
which has probably remained in its first state, as regards any subse- 
([uent movement of sides, could scarcely be expected, more especially 
in cases where the walls opposite to each other may be formed of 
different rocks (when the fissure js a fault), or where, from any 
other cause, one side may have received deposits which the other 
did not. One main cause of difference often appears to arise from 


* 111 the cases of fragmentary veins in limestone districts, interesting removals of 
the ordinary calcareous matter, with the preservation of organic remains in a frag- 
ment, may occasionally be seen. A good example of tins fact occuired in a large \ eiii 
of peroxide of iron (hematite) in the carboniferous limestone near Wrington, Somer- 
setshire, where, Irom a somewhat considerable fragment containing a fossil coral, 
one common in beds of the fissure above, tlie ordinary calcareous matter had been 
removed, probably by the action of water containing carbonic acid deriveil from the 
atmosphere, and the parts so removed wer<^ replaced by the peroxide of iron of the 
vein, so that tlic piece of fossil coral, preserving all the angular character of the 
original fragment, appeared in the midst of the vein of iiDii ore. 
t “ 'I'heory of Mineral Veins,” published at Freiberg, in 1791. 

X Ibid, chap, iv., sec. 5‘J. 



698 SEVERAL MOVEMENTS IN THE SAME FISSURE. [Cii. XXXVI. 

that of tlie rocks on each side, a deposit, first formed on one, con- 
tinuing to receive additions to it in preference, according to the 
circumstance previously noticed as to deposits from solutions 

. . ..... 

The geologist, wlien studying the contents of fissures in mining 

districts, where so many small strings ol* different substances arc 
found in chinks and cavities, more or less in connexion with the 
main veins, or even in them, will have his attention arrested by the 
evidences of many main fissures having been moved more than 
once, while the new cracks thus produced have sometimes not only 
traversed any mineral deposits which may have been previously 
formed in the fissure, in its first state, but also the adjacent country. 
Werner seems to have been aware of this circumstance when he 
remarked that we meet with distinct examples of new veins 
formed in the direction of those of older date (either within their 
substance or by the side of them), forming with them the same 
individual substance.”* Very material changes and modifications 
of veins may thence arise, both as to the decomposition and removal 
of substances previously in the fissure, and the introduction of' other 
mineral matter, f Good evidence of such movements, independently 
of the first contents of a vein being traversed, these contents form- 
ing as much a part of the walls of the subsequent fissure, as any 
other portion of the mineral mass broken tli rough, will be often 
f'ound in the mode of occurrence of the contents themselves, even 
wlierc these still retain a certain parallelism to each other. Thus, 
in the following section (^fig. 292), part of the lode at Wheal Julia, 


Fig. 292. 
/ 



* “Theory of Mineral Veiiis/^ chap, v,, sec. 55. 

t When* describing the successive openings of the veins near Pontgibaud, M. 
Fournet (Ktudes sur les Depots Metallifercs) jwints out that deposits of different 
mineral substances, or modifications of ruch substances, arc seen to characterise five 
of the six successive dislocations which he was enabled to trace, the sixth being 
marked by the introduction of pebbles and sand, a cuntinuation of tlie accumulation 
which still covers the country in many places, and which is itself covered by the 
lavas of the extinct volcanos of Louchadiere and Pranal. 
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Binncr Downs, Cornwall, the central deposit of quartz crystals, 
pointing inwards to e, is only one of four other similar arrange- 
ments of parts, cZ, flr, and h. To effect this crystallization, the 
increase of the crystals having taken place inwards, five different 
openings, at different times, have been effected, so that the needful 
walls for the commencement of crystallization in each case could be 
afforded. Without additional evidence, such as the openings in 
other parts of the vein, or amid the adjoining rocks, might present, 
it would be difficult to determine which of these openings might 
liavc preceded the others. Commencing on the left, a, the section 
gives a layer of copper pyrites and sulphuret of zinc (blende) upon 
the wall of the lode in tliat direction ; to this succeeds quartz 
crystals pointing inwards, b ; indurated argillaceous matter, c, and 
another collection of quartz crystals pointing inwards at d ; then a 
set of crystals, e, commencing on cither side upon a layer of 
crystallized copper pyrites and zinc blende, f /, first lining the 
opening in wliich this an*angemcnt is seen. Still proceeding from 
left^to right, quartz crystals have been deposited upon another 
cavity, leaving an open space at g {vug of Cornish mind's), these 
succeeded by layers of quartz crystals, pointing inwards at A, resting 
against the wall of the vein ^in that direction. Examples of this 
kind, with considerable modifications, could be readily multiplied 
to a great extent. 

With reference to the occurrence of lines of different substances, 
when they do not resemble each other on both sides of a vein, 
though it may be suspected that there has been more than one 
movement in the fissure containing them, after its fii'st production, 
the evidence is often by no means so clear. As, for example, in the 
subjoined section (fig. 293) crf‘ part of a lode at Godolphin Bridge, 


Fig. 298. 

1 2 3 



Cornwall, where a represents a layer of quartz resting against the 
wall of the vein in that direction, b quartz crystals pointing inwards, 
and based on jigatilbrm bands of silica on either side, c c\ and d is a 
thick layer of copix)r pyrites, mingled with some quartz. At b 
there appears decisive evidence that when the silica there found 
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was deposited, the walls of the opening extended from 1 to 2 ; but 
in the absence of any arrangement of parts showing that the copper 
pyrites, with its quartz, had 2 for one of its walls, it could not be 
proved that there was a distinct opening between 2 and 3, in which 
it was accumulated. It may have happened tliat the copper pyrites, 
with some iuteriuinglod quartz, was deposited against the wall of 
the vein on the right, while quartz only was accumulated on tlie 
wall to the left. 

With respect to the movoments producing these parallel arrange- 
ments of parts, without much, if any, evidence of* the previous 
mineral accumulations in the veins having been broken or disturbed, 
it will soon be found, while studying those lissures which are not 
simple cracks, but faults (p. 649), that this may be produced by 
the mere slipping of the uneven sides of tlie fractures, witli certain 
intervals of repose between each movement, so tliat mineral matter 
might be deposited in the cavities during each period of repose. If 
a 6 in the amiexed diagram (fig. 294), represent a line of fissure. 


Fig. 294. 



tt 
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and a movement be effected so that one side, a’ b\ be slid in a 
manner by which the parts o o o o touch, supporting the pressure 
on either side of the fissure, cavities will be formed at ccc, and at 
d, the latter somewhat more extended than the first. 11* tlic 
movement has taken place in a* contrary direction, to the left (as in 
the third line), to the same amount as previously to tlie right, tlic 
openings, c c, would be more considerable, so far as respects tlie 
illustration given, and tlie points of contact less numerous.* 

In a fracture across rocks, the irregularities of the lissures being 
usually in a variety of directions, and the points of contact in con- 
sequence variously situated, the general inequality of the walls of 
veins has to be regarded: 

When movements have been considerable, a polish and striation of 

* If a piece of paper or card be cut in this, or any other manner, representing the 
section of an irregular fissure, as such fractures more or less are, and the jiieces be 
slid on a table, so that parts of the cut paper touch each other, tliis illustration will 
readily be seen. 
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tlic sides have often been effected, the striation corresponding with 
tlic direction of the movement ; evidence of iiAportance when that 
direction may not be clearly seen by the bedding or other mode of 
occurrence of the rocks fractured. In fissures where there has 
bc( 3 n more than one movement they arc also valuable, especially 
when the evidence of crystallization having taken place at separate 
times in different cavities being absent, the contents of the veins 
tliemselves exhibit this striation and polish in given directions.* 
Ill illustration of movements not markedly considerable dislocations, 
yet where successive new apertures or cavities have been formed, 
lill(!(l either in the manner above noticed, crystallization towards 
the interior spaces affording evidence on this head, or where simple 
polisli and striation may appear, perhaps the following diagram 
(fig. 295) may be useful. If a 5 be a fissure, and the portions of* 



separated rock, m n, slide against each other, so that the beds at n 
are lowered to c along the line of tl\e fissure, touching in sufficient 
points for support, until a fresh set of cavities be formed, repre- 
sented by the dark portion, 6, and these cavities be filled by 
mineral matter, a further movement in the same direction would 
cause friction on these contents which would thus constitute an 
uneven surface towards the side n. Assuming these contents 
somewhat solid (they may be even more ^ than the sides of the 
old fracture), this second movement mights extend, for illustmtion, 
to Cy sufficient points of support existing as before, so that tlie 
cavities d were produced. A third movement taking place, after 

* When cither the striation or |)olish has been effected in accumulations of ores 
themselves, or coatings of ores have covered them over, taking as it were a cast of 
them in their uninjured state, these polislied and striated surfaces are commonly 
termed slickensides. 
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these second cavities were filled, similar results would follow, and 
a third set of cavitibs, /, would be filial. These suceessive settle- 
ments or movements of* the masses of rock, divided by fissures, are 
seen in some localities to have been very frequently repeated. 

When the fissures are more eomplicaU‘d, so that not only tlie 
difl[*erent cavities have bt'en subsiH|uently filled by the intnKluctioii 
of mineral matter into those firmed by the mere sliding, at 
intervals, of the rcxks on one side, hut fhietiin's also traverse the 
substances variously accuntiilated in them, and arc not eonfined to 
them, extending to tlie adjacent iwkson cither side, even breaking 
the walls into fragments, and the whole is again cemented by mineral 
matter newdy intraluced, the study of the contents of sucli fissures 
requires no little caution. In such eases a careful search for tlie 
substances traversed will usually lead to the information soiu ht, par- 
ticularly wlicn combined with any evidence tliat can be obtaiiu'd 
from fractures in the adjoining rocks. If in tlie subjoined section 
(tig. 29G) r r represent the rocks on either side of a vein ; (f, an 

Fig. 2%. 



arrangement of (juartz or other crystals, showing the filling of a 
separate cavity now occupied liy tlicin; b, anotlicr and similar 
mode of occurrence of any crystallized mineral ; c, copper pyrites, or 
any other substance separated from another, e, by a surface of polish 
and striatlon {sUckeihstdes), d, and the wliole be traversed by a 
string of some other body, /, /y, such as sulpliurct of zinc, then 
Independently of the evidence of separate movements, as shown 
by tlie two sets of crystallized substances, a and />, and the polished 
and striated surface, d, between the substances c and e, aiiothcr 
movement would be shown by the string of mineral matter,///, 
more especially if, as in the figure, a kind of small shift of th(i 
various substances, including the walls of* the rock originally 
divided, has been effected. In this manner many decompositions 
of the substances first introduced into fissures seem often to have 
taken place, while mineral matter, new to its contents, has been 
introduced. 



Fig. 297. 
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^ a. h- 1*. 

Xiivn! vei^a^traversc each other at crflmderablc and even right 
an.do.s. one sorie.s bc-ing i:.rmed sul»H.-<l»ently to another, as prr.vcl 
l/tlic contents of one vein li.nning j«irts ol tJie walls of the other 
(p. 054). In such ca.«ra the study of any thang.? which have 
taken place in the veins eut through i.s one of much interest in 
itself, and is still more So when coinUined with any mfxlifications 
found in the contents of the traversing vein. It sometimes 0 (x*urs 
tliat the mineral matter in tlic traversed vein is much mfKlified, so 
tliat, independently of any removal oi its parts into the new cavity, 
it might appear as beneath (fig. 297), where the vein a h lx;in^ 
cut at a considerable angle by 
another, o d, a movement of cer- 
tain substances Irom b to e, and a 
removal of similar substances from 
f jo a, is supposed to have oc- 
curred, so that if the vein c d 
were again removed, the parts 
broken through would not corre- 
spond to the same extent that they 
did prior to tlic second fracture. 

Wlicn the mineral matter is apparently moved on the one side, and 
on the other ore is souglit by the miner, this becomes at once* 
known; but it will reward tlie attention of an observer, not only to 
study the veins with relerence to ore, but also to all the substances 
so traversed. It is also important to direct his attention to the 
deposits of any substance or* larger bodies of them wlierc the walls 
may be formed of the contents of a first-formed fissure, since thesi* 
then occupy tlic position of any dissimilar rocks (p. 679), and may 
be found lavourable or unfavourable to tlie deposit of some given 
substances, whether ores of the useful metals or otherwise. In some 
mining countries certain mineral substiinces arc found more 
abundantly where one vein crosses another, or within moderate 
distances from the intersection, than clsewWrc in such veins. 

When engaged in this investigation, it Tixicomes needful well to 
consider the fact, so commonly observed in mining districts of 
various parts of the world, that jvhere two or more veins come 
together at a moderate angle, the ores of the useful metals sought 
in them usually occur more abundantly than elsewhere. This* may 
be far from constant, nevertheless the percentage of instances in 


// 
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which this happens is so considerable as commonly to have arrested 
the attention of the* miners in numerous districts. The circum- 
stance has been remarked as well when the fissures cut each other 
somewhat vertically, as beneath (fig. 298), representing a vertical 

Fig. 2.)8. 



a (North), ft, (Soiitli) surface of tho country; /, c, north lode ; ^/, iron shaft h»de ; 

r, their intersection, where the riches of the mine were improved , .v s slate trasersed 
by the lodes. 

section of the lodes at East Wheal Criniiis Mine, Cornwall, as whn’e 
they traverse each otlier somewhat horizontally, when a plan 
resembling this section would also sufiicc for numerous examples. 
Even a large horm^ has been observed to afford more ore at the 
sharp ends of the fragment than in other adjacent portions. The 
miners often give the significant name of leaders to the contents of* 
small fissures ranging out from a main fissure, it frequently, 
tlaough by no means constantly, occurring that a bunch of ore is 
found where they unite. 

When the geologist regards tlic infiltration of solutions into 
cavities of various kinds, the deposite of different mineral sub- 
stances in such cavities, whether fissures or otherwise, the selection, 
as it were, of certain rocks by \;hcm, and the various modifications 
and changes which tlic arrangement of the different kinds of mine- 
ral matter found in such situations have sustained, he will probably 
be led to consider the general subject as one of no slight scientific 
interest, while, at ,the same tiiiK*, the investigations into which he 
will have to enter also possess no little importance from their direct 
bearing on the discovery^ and extraction of many substances so im- 
portant -to the progress of mankind. 


* This term is applied in many of (far mining districts to large fragments in 
mineral veins, portions of the adjoining rocks, which, from a complication of the 
fracture forming the main fissure, become isolated and jammed in between its sides. 
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PARTIAL REMOVAL OR DENUDATION OF ROCKS. — GREAT DENUDATION 
ARISING FROM THE AUriON OF BREAKERS. — ANCIENT EXPOSURE OF THE 

AREA OF THE BRITISH ISLANDS TO THE ATLANTIC. CARE REQUIRED 

RV:SPECTING THE AMOUNT OF DENUDATION OF OVERLAPPING ROCKS, — 
ISLAND MASSES OF DEPOSITS LEFT BY DENUDATION. — DISTRICTS OF BENT 
AND PLICATED BEDS WORN DOWN BY DENUDATION.— NEW SLICES OF LAND 
NOW BEING CUT AWAY BY BREAKER ACTION. — AMOUNT OF MATTER 
REMOVED BY DENUDATION IN PARTS OF ENGLAND AND WALES. — NEEDFUL 
ATTENTION TO THE GREATER GEOLOGICAL PROBLEMS. 

Although mention has often been previously made of the partial 
removal of the mineral accumulations of various geological times, 
and this has been referred to the action of breakers on coasts, to 
the decomposition of different rocks by atmospheric influences, and 
to their erosion and subsequent transport by running waters, a few 
words on geological denudation, regarded by itself, may be usefully 
added. Viewed with reference to the cauies of the partial removal 
of rock accumulations, there are few subjects connected not only 
^ witli the present, but also many prior conditions of the earth’s 
surface in different regions, wjiich more impress the geologist with 
the great lapse of time required in ex|)lanation of the facts observed. 
Making all due allowance for the abrasion and transport of an 
immense ijiass of mineral matter by means of atmospheric influences, 
the kind of smoothing or levelling of great areas so often found, and 
the isolation of portions of various dimensions, outstanding like 
islands from a kind of main coast composed of Jike deposits, of 
which they only constitute detached parts, so forcibly remind him 
of the action of breakers on land, that there seems much difficulty 
in avoiding the inference that to this source of abrasion geological 
denudation is chiefly due. 

As an intermixture of land and ’^^ater is needed in explanation 
of the production and distribution of detrital matter at all geological 
times, and as tides, or tlie absence of them, would be produced’ by 

2 z 
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the action of the same causes as at present during the same lapse of 
time, so far the general causes for the abrasion of land, at the margin 
of waters, would have been always the same as now. Winds, how- 
ever, being, Avith the exception of sueh movements as those of 
earthquakes, the cause of the waves which break on eoasts, to them 
the ecoloffist has to look for the continued disturbance of water, 
where its surface so cuts the land as to permit the abrasion re- 
quired. As the winds of the present day arc arranged generally in 
their courses by the action of the sun on the earth, and the move- 
ment of the latter around its axis, the observer has to consider 
wlicthcr the former has ever been less or more intense than it now 
is (assuming the rate of the latter, for better illustration, to have 
remained the same), or whether counteracting or modifying in- 
fluences, such as a temperature sufficiently high of tlic whole sur- 
face of our planet to prevent the present differences of heat arising 
from the sun, have liad an appreciable effect in that direction. He 
has tliiis to sec if tlicrc be evidence of breaker action at different 
and especially at early geological times. The facts noticed as to 
beaches adjoining land in the midst of the accumulations of so early 
a date as that of the Silurian scries (p. 47 5) may satisfy him tliat 
breakers were in action at that time as now on sea-coasts. 
Evidence of the like kind being seen amid dctrital deposits of 
various geological periods, the geologist may feci assured that from 
the earliest times when tlic remains of marine life were entombed to 
the present day, ])rcakcr action was in force. 

Being satisfied that this action has been an important geological 
agent for so long a lapse of time, the observer may be induced 
to inquire from such evidence as may present itself, if* any 
particular exposures to great oceans can be traced. Assuming 
winds to produce the ordinary waves breaking on shore, and that 
the present causes of the gclleral arrangement or modification of 
land and sea have continued far back into geological time, the 
greater the ocean exposure of given coasts to prevalent and strono* 
winds, the greater, all oihcr conditions being equal, would be the' 
abrasion experienced. Hence it becomes important to study denu- 
dation in connexion w,ith evidence as to the distribution of land 
and sea at different geological times, and especially as to the direc- 
tion in which great portions of the ocean of any of those times may 
have been situated. We have been often struck, while examining 
the geological structure of different portions of the Britisli Islands, 
with the length of* time during which the various modifications of 
coasts attending the elevation or depression of the area at different 
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periods, above and beneath the level of the sea, may have been ex- 
posed to, or sheltered from, such an ocean as the Atlantic on the 
westward. The position of‘ the conglomerates ol‘ the new red sand- 
stone time, arranged against and around the older rocks of the 
Mendip Hills, and portions of the adjacent country (fig. J.G7, 
p. 478), remind us, while on the spot, very forcibly of an exposure 
to a considerable range of water on the westward. Respecting surfaces 
(){ land left by various denudations at more recent times, the im- 
pression as to a great exposure to wcsteiji waters is still greater, in- 
land cliffs presenting themselves precisely where they would be 
expected, and even the shelter derived from protruding land being 
found. In illustration of this circumstance, an observer regarding 
the present escarpments of the oolitic series, including the lias, from 
their comparative shelter on the eastward of the high land of Wales 
to the English Channel, cannot fail to be struck, making all due 
allowance for subsequent changes arising from atmospheric in- 
fluences, with the mode of occurrence of tlic old clifls, and of* their 
character, according to exposure or shelter, where the Mendip Hills, 
and other elevations of the same character, would modify the force 
of the great Atlantic waves breaking on such a range of coast. 

The removal ef portions of the accumulations of various periods, 
extending back in time tx) those of the Cambrian series in our 
islands, is something very considerable, and to be measured by 
thousands of cubic miles of mineral matter. In Ireland, the 
abrasion of the Silurian rocks, anterior to the conglomerates of tlic 
old red sandstone, is well marked. Larg^ surfaces were evidently 
there shorn down by denudation previous to, or at that time, the 
granitic protrusions then existing in parts of that land being also 
cut partially away, and having from that period to the present been 
exposed to abrasion and loss of voli^me whenever brought within 
the range of the breakers, or raised up within the influences of the 
atmosphere. In regarding, therefore, such masses of mineral mat- 
ter, the geologist has before him the results of* many partial removals 
of* rock accumulations, and secs the remains only of many modifica- 
tions of surfaces, wrought by denudations during a long lapse of 
time. 

In estimating any amount of matter winch may have been re- 
moved, cither from igneous rocks or from deposits formed by the 
aid of water, much care is sometimes needed, so that a correct 
estimate may be formed of the probable prior arrangement of the 
parts of it. This is especially necessary when a series, or parts of a 
scries, ot deposits may extend over or conceal another, or portions 
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of itself, otherwise, by supposing an extension of accumulations in 
directions where they never existed, far more mineral matter might 
be inferred to have been removed than has been the case. For 
example, the old red sandstone of Herefordshire, South Wales, and 
pd?ts of southern Ireland, so occurs, that, viewed as a whole, the 
higlicr portion gradually overlapped or passed over a variety of 
older and subjacent beds in a southerly and westerly direction, a 
relative depression of land and sea bottom in that direction having 
probably been the cause /3f this overlap.* In sucli a case the 
probable range and limit of the conditions for the deposit of this 
higher portion of the old red sandstone have to be carefully es- 
timated, so that the removal of matter, never deposited, may not 
be inferred. It fortunately happens that, in southern Pembroke- 
shire, the extension of the old red san.istone, at the thne of tlie 
deposit of the carboniferous limestone of the same district, can be 
clearly seen at Slcbcch, the latter there overlapping the sandstone, 
as, in like manner, in the same county, tlic extent of tlic carboni- 
ferous limestone, at the time of the accumulation of the lower part 
of the coal measures, can also be well observed at the overlap ortho 
latter over the former, near Haverfordwest. The following section 
(fig. 299) may serve to illustrate the need of caution on this sul)- 


Fig. 299, 



ject. If a S be a scries of consecutive dctrital dcpo.sits, formed 
under conditions which allowed them completely to cover cacli 
other, so far as the area represented ' in the section is concerned, 
and (?, d, c, be other accumuljjtions, formed after a movement, in 
the direction of h, had lowered that end of’ the deposits a i, so that 
c, dy e were successively formed in planes parallel to each other, 
but at an angle with that of a J, the successive extensions of <?, d, 
and in the direction a, being governed by causes such as a line of 
coast, and its grddual depression beneath a sea level in that direc- 
tion, the rocks c, dy and e, would gradually spread beyond, or 
overlap each other towards a. If now, from subsequent breaker 
action, atmospheric influences, and final elevation of the mass as 
now found, a surface should Ijc exposed corresponding with the 


♦ Part of this overlap will bo seen by reference to Sheets 38, 40, of the Geoloirical 

fn M Map of South Wales, inserted 

in the Memoirs of the Geological Survey, * vol. i. 



CH. XXXVII.] DENUDATION OP OVERLAPPING BOCKS. 709 

line a section of the following kind (fig. 300) would be obtained, 
one very deceptive, without care and attention to the general geo- 



logical structure of the country as to the prior extension of the beds 
c, dy Cy towards a, inasmuch as a vast extent of country composed 
of them might be assumed as shorn down in that direction, and a 
mass of mineral removed, which never existed.* 

It thus becomes essential, when endeavouring to estimate any 
mineral matter removed by denudation, carefully to weigh the 
probability of the conditions under which the accumulations, sup- 
posed to be removed, may have extended. We may here again 
refer with advantage to the small area represented in the map of 
the Mendip Hills and adjoining country (fig, 167, p. 478,) for 
illustration on this head. Upon the portion of country where the 
new red marl and sandstone (5) occupies the surface, several 
isolated patches of lias (6) may be seen distributed. These patches 
are only the remains of beds which once continuously covered the 
fi)rmcr deposits, and joined the main mass of the lias seen on the 
southern portion of the map. The mode of accumulation of tliis 
lias, and its modification where adjoining the dryland of the time, 
have been previously mentioned (p. 4&1). It is sufficient here to 
remark, that while this rock was thus modified near the Mendip 
Hills, it stretched away with common characters in other directions, 
patches of it being found in various other localities scattered over 
the prior and subjacent rocks, such being the remains of a wide 
area once occupied by this deposit. As with the lias, so also with 
the accumulations which immediately succeeded it — those of the 
inferior oolite (7, fig. 167), detached patches of which are also seen 
isolated upon prior-fonned rocks, such patches once portions of a 
continuous deposit in a sea. One small islet ot inferior oolite will 
be observed towards the left comer of’ the map (fig. 167). Other 
patches will, however, be seen at Duqdry and Brent Knoll, by 
reference to more extended geological maps. By careful examin- 
ation it is found that the mode of occurrence of their component 


* Those who have examined the escarpments of the coal measures, carboniferous 
limestone, and old red sandstone, on the northern boundary of the great coal districts* 
of Monmouthshire and South Wales, will at once see the application of these sections. 
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beds is such as to point towards their termination, os a deposit of 
the time, at no "roat distance westward, so that wlicn considering 
tlic mass of mineral matter removed by denudation in tliat direction, 
Avith reference to the general structure ol the district, due allow- 
ance has to be made lor this probable termination ol these rocks 
wCvStward. As illustrative of denudation towards the termination 
of accumulations, the following section (fig. 301) may be iisel'ul. It 


Fig. 301. 

Main l)o\s i\y Wivolihcombo. Castle Hill. 

! a a 



is one of the country near Wivcliscombe, Somersetshire, d d being 
rocks of the Devonian scries, disturbed and denuded anterior to 
the accumulation of the sandstones, of the new red sandstone 
series of that district, and of a conglomerate, a a, composed of 
rounded portions of the adjacent disturbed rocks, (Z d, cemented by 
calcareo-magnesian matter. In this ease, tlie former continuous 
portion of the conglomerate a a, and of part of the sandst<mo8 
beneath it, have been removed by denudation, not only Irom 
the minor valley, v, but also from the larger surface hollowed out 
between Main Down and Castle Hill. The conglomerates, a a, 
have thus been cut off, as it were, from the source of their pebbles, 
the country towards Main Down, the portion left being only the 
remains of a once continuous accumulation of them, probably along 
a line of coast existing at tiiat time at a short distance westward. 

Notwithstanding these modifications required in our estimate of 
the amount of accumulations removed in some districts, there often 
remains so great a gap in the conne'xion whicli evidently once 
existed between portions of dc;posits in othens, that, collectively, 
the removed portions can only b(i satisfactorily measured by a con- 
siderable amount of cubic miles of missing mineral matter, Tdie 
smoothing off of the surfaces of even the most disturbed deposits, 
portions of these deposits now variously consolidated, and apparently 
possessing tliat chavacter when so worn d(jwn, is often to be found. 
The coasts of northern l)6vonshii(i, wliere the variously-consolidated 
beds of the lower coal incflsures are so much bent and plicated, will 
afford the geologist excellent oportunltics for observation. It is of 
the order represented opposite (fig. 302), where a, b, being the sea 
line, cliffs, c, arc exj^osed, showing uunuTous flexures, the continua- 
tions of which can be readily supplied by the dotted lines above the 
present surface of' the land, t7, and beneath the level of the sea, a, b. 
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The importance of cliffs, either inland or on the sea-coast, in 
properly appreciating the matter removed from 4 district presenting 

Fig. 302. 



no very great differences of surface elevation and depression (mere 
common undulations of country), is very considerable. Without 
them the observer might often be uninstructed as to the real 
amount of flexure and plication planed down and concealed beneath 
the ordinary smooth surfaces exposed. Of this the following 
(fig. 303) is an example. It is a sketch, from Trenance Point, of 


Fig. 303. 



High Cove, on the north coast of Cornwall, cxliibiting a section ol* 
hard sandstones of the old'^r rocks of that country worn down, 
probably, by the same kind of heavy Atlantic breakers which arc 
now cutting off a further slice of these ancient accumulations down 
t(^ a ncwlevcl.* 

• By consulting the geological maps of various lands, when such 
maps have been earefully prepared, abundant evidence will fre- 
quently appear of the surface denudation to wliich very extended 
areas have been ex])osed. Taken: aloncyi without earefully con- 
structed sections, and a due regard to jthe circumstances above 
noticed, no very accurate estimate can usually be formed. 

* With rogard to the urcseiit action of breakers thus, a« it were, removing new 
slices of deposits, whether ooiitortcd, or in their original planes i)f accumulation, it 
not only ed'ccts this, but also, when the conditions for the elevation and depression of « 
masses of laud have hecn favourable, wdll cut away the accumulations of former times 
so as to restore old wofn surfaces. Of this examples may bo seen on the shores of 
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We may, indeed, infer, when we find, as at Orleigh Court, 
near Bideford, Devon,* a part of the lower portion of the 
cretaceous series, possessing all the essential characters of the same 
portion when last seen in mass to the eastward, at the Black Down 
Hills, forty-two miles distant, that the whole intermediate country 
was once covered with the sands and chert, of which this portion 
of the cretaceous series in that part of England is composed, so. that 
by taking a given area and the thickness of the accumulation, the 
number of cubic miles of ,the deposit removed by denudation may 
be approximately estimated, \^en, however, we have to deal 
with a bent or contorted set of beds in a considerable area, it is 
only by very carefully following these flexures and contortions 
that any fair approximation to the matter removed from the general 
mass can be made. The various bends and contortions must not 
only be properly ascertained, due allowance being made for frac- 
tures at the extreme parts of flexures (p. 642), but also the amount 
of faults that liave occurred, and which may interfere with these 
flexures and pUcations, should be carefully considered. 

As a locality, easily visited, and having the advantage of coast 
sections not far distant from each other, the Isle of Wight may be 
regarded as by no means ill-calculated to instruct the student in 
denudation ; the more especially as the prcseiA effects of breaker 
action, according to the exposure of the coast to it, and the relative 
resistances of the rocks composing that coast, can be so well observed. 
From a somewhat sharp contortion, ranging in an cast and west 
direction, from Culver Cliff to the Needles Kocks, many tertiary 

the Bristol Channel in several places (Aust Passage, Bendrick Rocks, &c.). The 
following section (fig. 304), near Portishcod, exhibits beds of coal measures, a, «, 
r' d 



Upturned prior to the accumulation of dolomitic conglomerate, and new red sand- 
stone, 6, the part towards e being now swept by breaker action, which has cut away 
the beds, 6, to the cliff, d; a portion being, for the present, left at c, and thus a part 
of an old surface becomes again exposed at the level of the sea, s , after a long lapse 
of time. 

As to denudation generally, which hae removed large portions of the deposits 
now exposed on the surface of land, the observer will find numerous illustrations in 
, preceding figures, viz., figs. 7, 10, 11, 15, 47, 57,79, 80, 95, 109, 130, 156, 158, 165, 166, 
169, 171, 174, 177, 181, 209, 212, 213, 217, 218. 

* See Geological Survey of Great Britain, sheet No, 26. 
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beds, resting on chalk, are thrown into a vertical position (well 
seen at Alum and Whitecliff Bays), the chalk itself near them 
highly inclined, even nearly vertical, but dipping at minor angles 
on the southward. All these tertiary beds arc cut off by denudation 
on the south of the cast and west contortion, there being little 
doubt that a considerable portion, at least, of them once ranged 
over the chalk in that direction. On the south of the highland of 
chalk, left from its better resistance to denudation, along this sharp 
contortion, the mass of rocks is curvxid into a low arch, and the 
chalk itself and inferior beds (upper greensand, gault, and in two 
situations, cast and west sides of the island, the lower greensand) 
have been removed by denudation, portions of the chalk remaining 
upon the high ground of St. Catherine’s, Eew, and Boniface Downs, 
on the south of the island. The observer, placed on Ashley or 
Arreton Down, southward from Eyde, may have an excellent view, 
on the south-west, of the break into the arch, made by denudation, 
between the chalk of Chillerton Down and St. Catherine’s Down, a 
long ridge of upper greensand (liarder there than on the north) 
stretcliing out from the latter. The volume of mineral matter 
removed by denudation, including part of the tertiary rocks, in 
the lower country, between the diigli grounds extending from 
Culver Cliff to the Needles and the heights of St. Catherine’s, 
Eew, and Boniface Downs, must, in some places, be from 2,000 
to 3,000 feet thick. 

Availing himself of the observations made on the Geological 
Survey, Professor Eamsay has pointed out the vast mass of matter 
which has been removed by denudation from bent and contorted 
portions of South Wales and the adjacent English counties, the 
amount of which may to a certain extent be estimated.* Taking 
the evidence obtained respecting •the thicknesses of the various 
beds of Silurian rocks and their curvature, in the Woolhope dis- 
trict (lig. 305), he infers that; if the amount of mineral matter now 
removed were restored, so as to complete the section of the manner 
in which the rocks probably occurred at the time they were bent, 
it would give them the great additional height of about 3,500 feet. 
Employing the same kind of evidence for the old red sandstone, 
carboniferous limestone, and coal measures of the Mendip Hills 
district, the Professor considers that an additional mass of accu- 
mulations, 4,000 feet in thicknesi, would be required above the 
Mendip Hills to supply the place of beds removed by denudation, ^ 


* Memoirs of the Geological Survey of Great Britain,'’ vol. i., p. 297. 
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s. Sea level \ a a a. Carboniferous Limestone : h h b, Old red sandstone ; c c, Silurian Hocks ; P, Pembroke Creek ; 

Cliff on the left. S 5, St. Govan’s Head. 

The dotted lines, above the sea-level, show the amount of matter rep»oved by denudation from these portions uf country'. 
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and another of 5,000 feet, lor the denudation of the same rocks on 
the north of Bristol.* The annexed section (fig. 306) is one of 
those given in illustration of this subject, and will serve to exhibit 
the disturbed beds of carboniferous limestone, old red sandstone, 
and Silurian rocks, shorn down by denudation in the slightly 
elevated district of Southern Pembrokeshire, as also, vnih every 
alloVance for numerous fractures and gaps in the higher part 
carried off‘, the great mass of matter thus removed. 

Viewing such considerable denudations, quite as readily seen in 
many other, and distant regions, as in the minor districts noticed, 
and combining them with the elevations and depressions of land 
that have taken place at all geological times, sometimes slowly 
moving large surfaces above and beneath the level of the sea, at 
others squeezing and folding various mineral accumulations into 
great ranges of mountains, the geologist will be at no loss for 
evidence, not only that the surface of the cartli has long continued 
in an unquiet state, but also that the same amount of mineral 
ma>tcr may have been repeatedly employed in part, or as a whole, 
in the production of deposits spread over various areas for the time 
being, these deposits either fbssiliferous or without organic exuviae, 
as the conditions for the preservation of the remains of the animal 
and vegetable life of different times, may or may not have pre- 
vailed. As considerations of* this kind constitute a part of those 
which lead to tlie most extended views, by the aid of wliich we 
endeavour to trace back the past conditioBS of our planet, they, and 
the class to which they belong, tending, as they do, to keep atten- 
tion alive to the greater problems, while the detail necessary for 
their solution is collected, capnot be too frequently present to the 
mind of the geolojjical observer. 

* Referring to tlie reduction of the Horizontal Section of the Geological Survey, 
Sheet 17, extending from Glastonbury Tor, across the Mendip Hills, by Clifton, 
Rristol, to the flat land at the Severn, and to the sketch for filling up denudation, 
pi. 4, fig. 4, in thc“ Memoirs of the Geological Survey/’ >ol. i. 
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Gi:olO(.;ical ]\Iaps and Sections — Though an observer may be supposed 
usually to liave arccs.s to the tjcst maps of any country he may examine 
geologically, and, in general, to find such maps containing the information 
which is desirable, as well res[x?cting the natural physical features of the 
country, as the artificial modifications of, or arrangements on, its surface, so 
that he can always ascertain his exact position, and possess the power of re- 
cording any circumstances consideral sufficiently important in their trae re- 
lative places on such maps ; it, nevertheless, sometimes happens that the maps 
of a district are inaccurate, or do not contain those things which are needed. 
A geologist will not long have endeavoured to record his observations ujwn 
niaj)s, before he will a.scertain that many a beautiful engraving may be 
worthless, while some coarse, unpromising plan may be most valuable. In 
case of need, therefore, it becomes iin])ortant for an observer to be so far 
skilled in the constmetion of maps, as not only to be able to correct one 
which may be imperfect in an efficient manrjpr, but also to make such a 
sketch of ground as may suffice for his purpose. A knowledge of the kind 
of surveying commonly termed military drawing, will be found most 
advantageous for his progress. He will scarcely accomplish much on this 
head by the aid of books alone, •and therefore should study it in the field. 

If possessing a good eye for fonn, he wiJl by no means find the acquisition 
of this knowledge difficult, while he will soon i)erceive that it affords him 
great additional power in satisfac^rily recording his observations. 

• Even in many a map where the lines representing rivers, coasts, and other 

natural features, are exceedingly accurate, as also those showing the roads, 
canals, villages, and other artificial arrangements, arg equally so, it too 
often happens that the relief of the ground, the tjue forms of the inequalities 
of surface of the hills and mountains, is either not given, or so inaccurately 
that it would have been better if no attempts had been made to represent 
it.* Now, the true relief of the surface of a district is often of the greatest 
» 

* The method, too often adopted, of representing the lines of water-shed as those of 
the highest grounds in many regions, cannot be too much deprecated, leading, as it • 
often does, to the most imperfect views as to the real inequalities of surfisce in them, 
and as to the action of those geological causes which have produced such inequalities. 



718 GEOLOGICAL MAPS AND SECTIONS. 

vtJuo to the observer. It is only necessary for him to attempt a record of 
his observations upon* maps with and without a correct representation of 
this relief, fully to appreciate the difference. A power, therefore, accurately 
to sketch in the fonns required becomes of no slight advantage.^ Much 
may be accomplished by the improved prwnatic compass (care being taken 
in districts where rocks containing much protoxide of iron are presk^nt, such 
as many of those of igneous origin in which hornblende and au^dto prevail, 
which will divert the magnetic needle), and by some effective i rrangeffiont 
of a spirit level, by which close approximations to sl(>|:)OS may l>e obtaineil. 
For approximations to heights within a certain range, th<» aneroid barometer 
will be found useful, ospooially in regions wlu*rc tlie mercurial barometer 
and svin|x?s<')metor may not l)0 easily c;irrii‘d, ard when' atmospheric changes, 
affecting such instruments, are not considfmbl ». Possessing tl ?so simple 
instnimonts, and a fair knowlcilge of military ilrawing% the ob rvor may 
make many «a sketch of a country, the geidogiad stmctuio of which would 
otherwise have boon imperfectly repr(‘>i‘nted. 

Sn])])osing the possossi(>n of a proper map, either previously made, or mn- 
striictod during the [uogressof his work, it is needful that a geologist should 
follow up the rocks he may be investigating, (|uitting thorn as little as 
oj>|x:)rtunitiGs permit, so that all connected with their modes of oocurrdnee 
may bo carefully ascertiiined, and all the points of importxnee be as can'- 
fully entered upon his map. Without caution of tliis kind, very grave 
errors may readily be committed, inaccurate inferences being drawn respect- 
ing the mode of occurrence of accumulations, seen only at dilll'n'nt and 
frequently distant points, which more detailed examination would have })re- 
vented, and this more ospc'cially in districts of highly-disturbcil and liroken 
rocks. As to the boundaries of the different mineral masses whicli it may 
be thought desirable to insert on geological majis, these necessarily (h'pend 
upon the scale of the map on the one hand, and the view taken of their 
relative value on the other. Whatever the scale, it is desirable that tlio 
great distinctions considered important should be clearly a])j)arent, and that 
the detail should be so represented as not to impede a correct view of them. 
It is better to select such ])orfeions of a nia?) for enlargement as may ))C 
re(piired for the illustration of any particular detail, than to sacrifice broad 
compreliensivc views for the sake of its introduction whe^n only really 
needed in particular localities. 

As with the objects to be represented on geological maj)S, so with the 
colouring employed upon them. Comprehensive, clear views should not be 

♦ With reference to the sketching of ground, the method of representing a liilly or 
mountainous country by lines, approximating to those of equal altitudes, as is shown 
by fig. 180, p. 493, will be found very serviceable for geological investigations, 
especially those where relative altitudes are important, or where the small inclinations 
of beds can only be measured by the heights they occupy, and at distances too con- 
siderable to be ascertained by instruments constructed to measure the dip of rocks 
(clinometers). The contour lines, or those of equal levels, upon some of the Ordnance 
Maps in England and Ireland, and so valuable for many purposes, form an accurate 
representation of this method. 
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sacrificed tx) attempts to introduce detail only important locally, and which 
can be best shown by the enlargement of such portions of a map. The 
employment of given colours to represent certain ^visions of the geolo^cal 
series has been considered very desirable, so that the eye becoming aocus- 
tomed to them may, as it were, currently read off maps thus coloured. 
This is certainly important, and might be accomplished, to a considerable 
extent, in the general maps, national maps for example, of different 
cdHatries. 

Much may V)e, and has been effected as to the information to be afforded 
in geological maps, by a mixture of signs and colours ; the latter repre- 
senting some accumulation, or scries of accumulations; and the former 
certain modifications of it considered important. In this manner, for 
example, igneous rocks may be represented ])y some given tint or colour ; 
and the variations in their mineral structure, so far as regards the surface of 
the land, by various signs. The like with those divisions in the sedi- 
inentiuy deposits of difierent geological dates to which names have been 
given, various signs also readily show their mineral structure in different 
parts of- their surface exposure. Among the signs employed amid the 
stratified rocks, it is very neixlful to have a sufficient numl)or representing 
their modes of ocoun’ence as to the position of their beds, showing when 
these* an* horizontal, inclined at any particular angle, or contorted ; when 
the latter, the kind of contortion, and the like. The following signs 
(fig. 1307) have l)oen found useful for this puq^oso. The j)oint of the arrow, 

a 

-fu- 

d 

fii shows the dip or inclination of the Ixjls as respects the horizon ; and it is 
desirable* to place on one sick of this sign the amount of the dij), such as 
5^, 1 5^^, 23°, as it may happen to be. The sign b is intended to point 
opt that, while the general inclination, or dip of the beds may be in tlie 
direction corresponding with that of the arrow, tlioy undulate on the minor 
scale ; c, shows that the stmtii are vertiad, their range, or stnke^ as it is 
oftc*n formed, being in the direction of the longc:^ line. Bods much plicated 
on the minor scale, while they have a general nmge, ai*e shown by c/, tlie 
straight line pointing out the general range. An anticlinal ridge is repre- 
sented by the sign /, the two arrow-lioads showing the dii*ection of the dip 
oil either side, and the crc'iss line that of the range of this form of beds ; e 
is intended to indicate tlio occurrence of beds so contorted and folded in 
various planes, that no definite dip or range of them can be inferred in tlie 
locality where this ijigii may be enteral ujx)ii the map. The cross 


Fig. 307. 
b o 
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represents a Iiorizontal arrangement of the Ix'tis. By atU‘iition U) such, or 
any other aystt'm of si^)s considered eftecttve, the armngenu nt of the coin- 
ponent beds of stratified rocks is s*> exhibited as to present the giHjlogi.st 
with evidence enabling him to tak<‘ a comprehensive view of this part of hi.s 
subject By combining any system of this kind with another for the dis- 
tribution of organic remains, in the fossiliferous rocks, he still further 
advances his general views; so that wifli colours, and with signs for 
mineral structure, distribution of organic remains, and any movenj^ts 
which the be<.ls may have sustainetl since their deposit, his map not only 
becomes a record of his observations, but also presents him with a classified 
collection of facts fi*om which he may detiuce im^)ortant general conclusions 
that otherwise might not so readily be attoined. 

Geological maps convoying information only as to the surface arrangcmont 
of rocks, vertical sections of tin* country, either din'ctly obtained from 
natural or artificial t'xposures of the varuuis accumulatiou.s, or inforonl from 
abundmit and s;itisfact<»ry infornution, collectetl at variou.-; |K)ints on the 
line of s»‘cti<>n or within .'sifc distances from it, lH‘Coino essential for aright 
view of tlie inaniu r in which tin* vanoiLs rocks of a di.strict may o«:cnr. Too 
much stn ss cannot l>o laid on the importance of reiulering all su(‘h sections 
strictlv projiurthmal, so that tlicy should, as much a'« |)ossible, be miniature 
representations of nature. The <li>t4>rtions hnd (‘rroiuons conclusions wiifch 
arUe from a want of attention to this p«nnt arc endli*ss. In the first place, 
the outliiK'S of countries are nsualjy so exaggerated, as to eh.'Vations and 
depres.slons, that the real forms of the surface are faisirK*(l, and that true 
apjireciation of them, which would lead to just views of their relative im- 
portance, and of tlio conditions which have produced them, is sn[)(*rseded 
by most imperfect ideas as to the real relief of a district, even of such as 
may be mountainous. True surface sections of the lattc*r are often cs[)c‘cially 
needed to alTord the geologist a correct view of the difleront heights and 
depressions, so that he may insert his observations on that whicli will not 
deceive him in his endeavours to trace the amount and direction of any 
general disturbance, to ascertain the value of any curves or ])lication of beds, 
and to restore the various component parts to their inferred original ''posi- 
tions in such regions. 

Though with known altitudes at sufficiently numerous points on any 
given line of pro])osed section, the various distances from these points being 
known, much may be accomplished by a practised and steady eye by 
sketching in the intermediate ground ; and this may be the only means at 
command in somewhat rapid excursions the line given by instrumental 
work, when time suffices, is the only real method of obtaining the olyect 
sought. All lines of section are thus run on the Geological Survey of 
Great Britain, and the results thence obtained have been so satisflictory 

♦ For example, the section from the Jura to, and across the Mont Blanc, above 
given (fig. 264, p. C46), was obtained, from known heights of different points on the 
line, by barometric measurements of intermediate altitudes, and a sketching of the 
ground on the spot. 
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that f(ivv, once cxporionoing the advantages so derived, would probably be 
disposed to abandon tliis nietfiod of observation. In certain districts, such 
as those wliere that important product coal is obtained, exact sections of 
surface are as indis[K‘nsable as tlie exact relative positions of the beds them- 
selves with reference to them, so that the true positions of the coal'beds 
may appear. With bis level or his theodolite, an observer feels that con- 
fidence in his labours which he might not otherwise possess. Having the 
siiT^ce right, he can enter the dips, and other modes of occurrence of the 
rocks found, in their real relative situations on his section, and thus possess 
a collective miniature representation of the ijeefjful circumstances, such as no 
other less correct method will insure, be his powers of generalization what 
they may. 

As in many lines of section, all the various accumulations cannot be so 
tnivorsed, as to have all deposits cut at right angles by them, care is 
required to r(‘prGSont only the relative thickness of such deposits where the 
section [)assos ; that is, the linos of separation of beds, or collections of 
them, as givc*n in the section, should cnrres]>ond exactly with those which 
would appear if tlie nx’k.s sup})osed to ]>e vertically cut through, were 
realiv so; and the beds on fuio side f»f the cut being removed, the face of 
the other was exposed, as if on a clilV. By turning to fig. 257 (p. G35), it 
will be found that a line of s^ction j>arallcl to the clifi‘ represented would 
even give the beds there .shown as horizontal, while they really dipjx*d 
considerably at right angles to it, soon in the sketch, fig. 258. It is 
easy in such ca.ses to U(»tice the true amount and direction of the beds on 
tlie section, and thus make the real value of the lines on such .section clear. 
By giving more dip than such lino.s represent, a greater thickness is showm 
than really exists, and the toUtl amount of mineral matter which the surface 
of the ground and tlie line of section .should exhibit, is misrepresented. 

In addition to those vertical and proportional sections, it sometimo.s 
becomes necessary to enlarge a part, so far as regards a column rising^ 
vertically to the plane of accumulations. In like manner, also, thi.s should 
be proportional, and on a scale sufficient to render the obji^ct sought by the 
enlargoirioiit clear. Tlie scale of siich^octions adopted by the GeoK'gical 
Purvey is that of 40 feet to Ihe inch ; and it has been found one amply 
.sufficient' for very considerable detail, as may be seen by roferonce to the 
vorticiil sections of the coal measures, those wdiicli can be used for mining 
purposc.s (sections, Nos. 1 to 11 and 16 to 18). 

Vertical sections, de]>o.sit.s represented as pilixi ano above the other 
horizontally, whatever may be their real inclinaftions in dilforent localitie.s, 
may also be u.sefully employed for comparing, distant aocunmiations witli 
each other, especially as regards their thickness. As, for example, tJie 
following section (fig. 308), serves to show the diilorent thicknesses and 
modifications of the cretaceous and oolTtic groups as developed in southern 
and northern England. In these sections (the same letters being employed • 
to represent equivalent deposits in both), the cretoceous series in Wilts and 
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Somerset is divided intt) chalk, a ; uppr green sand, h ; gaiilt, a clay bd so 

Fig. 308 . 

Wilts and Somerset. Yorkbuire 
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named, 0 ; and (/, lower green sand ; whil(‘ in tlie s;uno series in Yorkshire, 
b and d are si;p|K).S(*d to be ab.^ient. A.s ri'gards tla* f)olitir group, r 
re] (resents the Kmn I ua’idge clav ; y, eoral rag and its eah‘an*((Us grits;//, 
Oxford rlav and tlio Kellouay rock in its lower jiart; /t, Oca'nhrash and 
Forest Marble; /, Fradl'ord clay; A*, great oolite; /, FuIIer^s (*arth: m, 
inferior oolite; /t, inarKtone ; 0 , lia.s. Tlie superficial gravel.s, i^e., above 
the chalk, are rejiresented Iw t, A.s ro.speets the divisions c, /', and //, tlu‘ 
two sections do not much vary, while a considerahle dilference is seen in the 
beds /i, i, A', and 1, us found develo])ed in .southern and nortlu'rn Fngland. 

There has apparently been a modificatkfn of the conditions under wlii('h 
these ('(]ui valent y)ovtions of the oolitic scri(‘s were dejiositcd in the two 
localities, so that while, in the south, inanMic remains ])oint merely to 
deposits beneath the waters of a .sea, shales and sand.stones on, the north 
contain the remains of terre.strial fossil ])lants (]). 51 d) .so occurring that not 
only the close proximity of land has to be inferred, but also the existence of 
marshy land itself, .supporting a growth of certain plants {M'j[imetum), 
entombed as they stood. „The different character of the lias on the north 
and on the south will also apj)oar, this depo.sit being not only thicker on 
the nortli, but also there exhibiting a certain depth of upper lias marls, not 
continued to Wiltshire, though it can be seen gradually fining off* southerly 
into Gloucestershire. In this manner, it will be obvious that much useful 
evidence may be embodied ; so that, by the combined aid of the maps, and 
the sections of various kinds, a sound and comprehensive view of the 
different rock accumulations of a country may be obtained. 
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Page 103. Cheat Mt Ijdkeof North The recent researches of 

Captain Stansbnry, of the United States* Topographical Engineers (Expe- 
dition to the Great Salt Lake of Utah, 1852), have made us acquainted, 
from actual survey, with many im]X)rtant circumstances connected with the 
region in whicli the Great Salt Lake of North America is found. A con- 
siderable area, on the western watershed of that continent, is separated from 
the general drainage. In it a chief depression finally receives tlie waters 
o?t*.o country, forming a lake from which the evajx)ration is such that no 
Kiirjilus waU^rs escape out of that area, as a whole, into the general waba- 
slicd tin* westward. A minor de])rossion first receives the drainage of 
part of th(‘ general are*<i. The waters of this lake, named Utah, are fresh, 
whih* those of tlu* other, the Great Salt Lake, are highly impregnated 
with Si\lin(‘ matter. The evaporation over the area draining into the 
Lak(i Utah (dO miles long and 10 miles in breadth,) is such, com- 
])ared with the supply of water, that a river, named the Jordan, by 
thc‘ j\Iormon settlers on its banks, flows from it and falls, after a course 
(if about 50 miles, into the Great Salt Lake. Notwithstanding tliis 
snpjtly of fresli water, as also from other streams, the chief of which 
onti‘rs it on tlie N.E., rounding the VVahsatch I^rountains, on the east, 
tke waters of the Great Salt Lake are so entirely saline as to form a 

strong brine, one that in 100 parts, by weight, of the water, contains 

more than 22 parts (if soluble salts, common salt (chloride of S(xlium) by 
itM‘ir constituting 20 ])arts. The exa€t amount of soluble substances, as 
determined by Dr, L. I). Gale, is as follows: — 

Solid contents in 100 parts of the watT = 22 * 422 parts. 

Specific gravity of the water = 1*17 
Chloride of sodium . m 20*190 

Sul})hate of soda . . 1*834 

- fdiloride of iiiaOTesium . 0*252 

Chloride of calcium . . a trace. 

• 

'fhe Groat Salt Lake is situated, according to Capfciin Stmsburv’s nia]>s, 
between about 40'’ 40' and,4r 42' north latitude, and l)etween about 112 
to 11 3^ 10' west longitude. The w*estern side of tlie lake is bounded by 
.a level plain country, little elevated above its w'aters, so little indeed 
that the pressiu*e of the wind is sufficient considerably to change the coast- 
line in that direction, according to its duration, the diflerence “ amounting, 
in m'any cases, to miles in width” (p. 186). In (Try weather the jdain, 
abounding in soft ground, is covered with a coating of salt. Captain 
Stansbury mentions that the minute crystals af salt ‘‘glisten brilliantly in 
the sunlight, and present tlie appearance of a large piece of water so per- 
f(‘ctly, that it is difficult, at times, for one to persuade himself that he is « 
not standing on the shore of the lake itself*’ (p. 119). 3 he Salt Lake, 

exclusive of oflsets, is 291 miles in circumference, theWahsatch Mountains* 
rising above it on the eastw*ard ; several islands rise above its \yaters, which 
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would sooni genorally .shallow, M foot iH'tweon Antolopt* aiul Carrington 
Mamis, boingy aj>paivjit]y tlie most consiiloraMc d<*plli. T\n^ valloj of tlio 
Salt Lako is ostinuitod at about 4,300 foot above the ol tlio ocean, 
U}X)n the slope of one of the ridges connected with the plain of the 
Salt Lake, Captain Stansbury states that “thirteen distinct benclios or 
watermarks were counted, which had evidently at one time been washed 
bv the lake, and must have been the result of its action continued fpr 
some time at each level.’* The highest of these benches wfis about 
feet above the present level of th(‘ lake. He infers that at some former 
period a vast inland sea extended over this region (p. 105). 

We would here seem to have an isolated, and raised jiortion of the sea 
oxposi'd, like the region of the Caspian, to conditions uiuler which it had 
to adjust itself to the supplv of the fresh water it could receive from rains 
or rivers. This sup])ly not being equal to the evajioration, tiie saline 
contents graduallv formed an increasing relative portion of thi* waters 
in the cliief dtqavssion, until they became that at present found in the 
(ireat Salt Lake. Whether this adjustment bo now ])crmanont, is 
proliably uncertain ; ) ut even assuming that it might he so, if all other 
things romaiiKHl the same, there is a disturbing cause of modification in 
the amount of detritus now thrown bv the^streams into this shallow lake. 
All would appear to atkl something, but the r5ear River is described as 
liringing down an immense ({uantity of sedimentary matter at every 
freshet. The exact difleience of elevation between the Utih and Great 
Salt Lakes does not ajqiear to have been ascertained ; but as.>uming that 
this level is not considerable, and that formerly a sea extended over the 
whole, tliere is no difilculty in seeing that Lake Utah, receiving more 
water than covered its evapoiation (the lake is situated amid mountainous 
ground), would gradually become fresh from the gradual weakening of its 
saline solutions, while the lower lake became as gradually more saline from 
the reverse action. 'J’hus a fresh-water and a very saline lake would have 
resulted from the imprisonment of parts t:>f the same original sea, acted 
upon, under modified conditions, in a given area, this as a whole not 
now obtaining a supply of water beyond its gcvieral evaporation. 

Page 368. Volcanic Rocks of Iceland, — Profi^ssor Bunsen (of Marbourg)f 
after jiersonally studying the volcanic rocks of Iceland, and carefully investi- 
gating their chemical /-elation in the laboratory, has presented us witli views 
of great value and importance, not only respecting the palagonite rocks, but 
also as regards the volcanic products ejected in a molten state. (On the 
Processes which have taken place during the Formation of the Volcanic Rocks 
of Iceland ; Poggendorff’s ‘ Annalon,’ 1851, No. 6, and ‘ Scientific Memoirs,’ 
' new series, vol. i, p. 33, 1852.) *After alluding to the homogeneous 
^character of the mixed silicates ejected in a state of igneous fusion, and 
the separation of the component matter into diflerent mineral substances, 
according to the physical conditions to which it has been subjected, he 
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divides the Iceland volcanic rocks into two groups, which he names 
nor mal4 rack jjtk and imnuiLpyroxenlc. He understands by the former the 
frachytic rocks riclant in silica, and by the latter the basaltic and doloritic 
rocks |)^)orest in silica. Tlufso constitute extreme members of a general 
mass, and gradiiaU* int(i (‘ach otlier. ** The first distinguishing characu^ristic 
of the norrnal-trachytic rocks is, thattlioy n-present almost exactly a mixture 
of bisilicat(js of alumina and alkali, in which lime, magnesia, and protoxide 
oriipn are either wholly wanting or are present only in insignificant quan- 
tities.” * * * * * “d'ho norrnabpyroxenic rocks, which as basic? silicates 
of alumina and protoxide of iron, in coipbination with lime, magnesia, 
potash and soda, form the most extreme members towards the opposite 
end of the series, present a similar corresj)ondence in their average com- 
position.” ★ * * * As the proportion cf the oxygen of the silicic acid 
to that of the bases is here, with slight variations, as 3 : 1 *098, all these 
rocks may be regarded as a constant mixture of bibasic silicates, when we 
consider only their entire mass, without reference to the fact of their con- 
stituents being grouped into minerals of definite composition.” “ The 
quantity of silica almost always bears a constant jiroportion to the 
lime and magnesia, while the relation between the quantities, of alumina 
apd protoxide of iron is subject t<3 considerable variations.” Thus there 
is a mass of matter having a* tendency to arrange itself into two distinct 
sub-masses, each distinguished by a definite composition, the whole 
governed in its lithological character J)y the variable manner in which a 
mixture was eflected, and by the j)hysical conditions to which the molten 
mass may hav’o been exposed. 

The Professor gives the following as the com]X)sition of the normal- 
ti achy tic (1) and the normal-pyroxenic rock& (2,) observing that from it 
the moan relation between the oxygen of tfle acid and that of the bases 
4’jin be calculated, being for the trachytic rock as 3 : 0*596, and for the 
p}'roxoiiic (Ls 3 ; 1 *998 ^ 


• 

(1) 

(2) 

Silica .... 

. 76 67 

. 48-47 

Alumina and protoxide of iron* 

. ^14-23 

. ;{0-16 

Lime .... 

. ’ 1*44 

. 11-87 

Magnesia . . * . 

. 0 • 28 

. 6-89 

Potash .... 

. 3*20 

. 0-65 

Soda .... 

. 4*18 

. 1 -96 


400*00 

100-00 


Selecting silica, as the most convenient constituent of these rocks for 
calculation, because it can be well determined, and is the least variable in 
them, in order to estimate the mixture of tliese normal rocks which may 
exist in any compound of them, Professor Bunsen remarks that, “ If we 
characterise by 8 the per centage of silica in a mixed rock, by s the per-* 
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centage of silica in the nonnal-trachylK', ami l>y a t\w |)or-(:eiitair<' of silica 
ill tlio norriial-pyroxonic rocks, tlien 





in whicli equation a represents the (|U;nitity of normal-])yroxenic nx'k- 
niass which nuibt be mixed with one jiavt of norinal-tracliytic mass, in 
order to give the composition of the mixed rock in question” * 

“All the other constituents of tlie mixed rocks arc then determined by 
means of a. For if the weight of the separate e.onstituents of one part of 
the nonnal-pyroxenic rock-masb^is taken as and in the same 

manner the weight of tlie separate constituents in the unity of weight of 
the normal-trachytic rock-mass as the weight of all the othei 

ciHistituents may bo ascertained by means of the equation — 

1 - "1“ ^<*) I P\ + ^i) . (f/ -f /„) 

(( 1 + 1 ) («+ 1 ) *** (« + 1 ) 

The abstract given by the Professor abounds in valuable rosi'arch, and 
'^lioiild bo consulted by the observer anxious to enter upon this viay 
interesting class of inquiries. The memoir is divided into 1, (Jemdii*, 
relations existing lietween non-metamorplwc rocks (from which the notiCi* 
above given has been taken); and 2, Genetic relations of the rnetamor- 
pluc rocks, the latter being subdivided into 1, Palagouitic rocks; 2, 
/iC'olitic formations; and d, Formation of rocks ))y pneumatolv tic mota- 
mor[)hism. In the first subdivision of the second division, the jialagonitic 
tutf is pointed out as a mixture of hydrated and anhydrous silicates, the 
latter belonging exclusively to the pyroxenic rocks, the former, generally 
cementing the fragmentary rofk, being regarded as a mixture or combi- 
nation of two silicates, one represented by the formula 3 It 0 2 Si 0*^ -f 
A([, and the other by 3AP0®, SiO® + Aq. These silicates the 
Professor considers as a])])Garing to combine in definite proportions, for 
wliich ho proposes the formula 31{0*2Si0“ + 2 A1 *O^SiO® -f A(|. 
lie adds, that the ])alagonitic subshu**ice occurs generally as characteristic of 
the jiyroxenic volcanic rocks, mentioning besidi‘S Iceland, the basaltic 
accumulations of Germany and France, tfie Fuganean Islands, Etna, the 
Azores, Canaries, Cape de Verd Islands, and the Galapagos Islands*. 
Under the head of Zeolitic formations, tlieir intimate connexion with the 
palagouitic and pyror.eiiic classes is ])ointed out, and under that of the 
Foriiuitm of liocks % Pnemiatolytk Metamovphism, the y)roducts resulting 
from the action of volcanic ^ases and vapours upon all the rocks which had 
been treated of. 
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\\n Glaciku, view and description of, ) 

1 

A))cr}stwy til, condition of copper coins ' 
found near, (j'.n. ‘ 

Abich, Dr., on the composition of vol- 
canic tuffs near Naples, .‘W>7 ; section 
of Ktiia, IlHtJ ; of Vesuvius, 3SK. 

Achafalaya river, raft in the, 117. 

Action, elevtttory, recent, at tlie Santorin 
j^rouj), 'f 12. 

Ailjustinent of ancient marine life to 
(leptlis of water and kinds of sea bot- 
tom, .')42. 

yT'l'can Sea, zones of depth in, 14b ; con- 
ditions of its bed, ii converted into 
land, 14'J. 

Africa, coast, conditions of, 1.38. 

.A>?assiz, M., on glaciers, 2()H, 2b‘.l. 

Age of rocks, relative, insufficient of 
itself for mineral character, .VJ5. 

Air ill s6a-uator, 144. 

Alhite, composition of, .3.VJ. * 

Alps, detritus of, 211; glaciei*s of, 2011; 
erratic blocks of, 2(J4 ; tlexure of beds 
in, 044; j>art of, including .Mont Blanc, 
proportional section of, bib. 

Alteration of riM’ks, from descent be- 
neath earth’s surface, b02. 

Altered rocks, sulphuret of iron in cer- 
tain, 5110 ; formation of crystals in, bOS ; 
protluction of certain minerals in, (ill ; 
mineral matter transmitted into, bl2. 

Amazon Uiver, sediment of the, b,3. 

America, form of its coasts, 131, 133; 
volcanos of, 31111. 

.Vmerica, Soiitli, glaciers of, 241. 

Ammonites, multitudes of iii lias, Marston 
Magna, Somei’setshire, .538. « 

Ancient volcanic proilucts, organic re- 
mains ill, 537. 

Andaliisite, production of, in altered 
rocks, blO. * 

Anglesea, igneous dykes of, .5b5. 

Animal and vegetahle'life, marine, t?ffccts 
• of sinking of sea-bottom upon, 543. 

Antarctic ice barrier, 234 ; #gco logical 
effects of, 23b. 

Anticlinal and synclinal lines, b43. 

Appalachian zone, United States, bend- 
ing and plication of rocks in, 6-W. 

Arago, M., temperature of the atmo- 
sphere, 207 ; on teini>oraturc found at 
the Artesian well, Gronelle, 465. 

Arctic glaciers reaching the sea, 226 ; 
effects of, 227. 

Arctic shells in British dc^wsits, 281. • 

Arctic ocean, coasts, of, 1311 ; drainage 
into, 140 ; glaciers and icebergs in, 225. 

Area, extension of required, in reducing 
beds, in mountain chains, to horizon- 
tal! ty, 641. 


Areas, large, of undisturbed rocks, raised 
in mass, 640. 

Argillaceous limestone, con^etionary 
nodules and layers of, .505. 

Argillocalcareous nodules, lamination of 
sifitne, 5%. 

Ari Atoll, 177. 

Arrangement, diagonal, of the minor 
parts of dctrital rocks, 532. 

Artesian wells, temperature of waters 
found in, 18, 465,466 : substances con- 
tained in, at Jjondon, 603. 

Artificial minerals, methods of producing 
certain, .578. 

Ascension, Island of, laminated volcanic 
rocks in, 365. 

Ashes, volcanic, composition of, .366. 

Ash-beds, ancient \olcanio, deceptive 
character of, after consolidation, .5.55. 

zisia, great central depression of, 104; 
form of its coasts, 134 ; rivers of, 140. 

Asiatic volcanos, 400. 

Atlantic and Pacific Oceans, effects of 
gradually^ joining, on marine animal 
life, 541. 

•Atlantic, ancient exposure of coasts to, 
711. 

Atmospheric influences, effects of, on 
upper part of mineral veins, GIH). 

Augite, comi^sition of, .3.50. 

.\usten, Mr. K. C., on Kent’s Hole Cave, 
302; on distribution of detritus in 
Eilglish Channel, 459: on the occur- 
rence of phosphate of lime, 598. 

Auvergne, extinct volcanos of, 401. 

Axmouth, destruction of clifls at, 22. 

» «i9 

Babbage, Mr., on elevation and depres- 
sion of coasts, of Bay of Naples, 43S; 
on movements of land from increase 
and decrease of heat, 439, 444. 

Baku, mud volcanos or salses of, 410. 

Baltic, deiwsits in the, 73 ; analysis of the 
water of, 73 ; cflects of ice in, 74, 247. 

Banwxll cave, osseous breccia in, 309. 

Barrier reef of Australia, 181, 193. 

Bars at river mouths, 77. 

Basalt, mineral^ composition of, 402 ; re- 
‘ lative fusibility of, ib . ; chemical com- 
position of, 403 ; relative antiquity of, 
ib . ; globular structure of, 404 ; colum- 
nar structure of, 405 ; jointed columns 
of, 406. 

Bath, springs of, 18 ; origin of thermal 
waters of, 466. 

Beaches, changes of relative level of, 
on titlal coasts depressed or elevated, 
4.52 ; ancient, among fossilifcrous rock% 
importance of, 474; of tlie time of Uie 
Silurian rocks, 475; of old red sand- 
stone period, Scotkmd, ib. ; of Chair 
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of Kildare, Ireland, 476 ; of new red 
' iMndstone period, 

Beauibrt, Admiral Sir J^raneis, on In* 
tfammab/e gas of the Fanar, 410« 
Beaumont, M. £Ue de, on declivities of 
glaciers, 266 ; on the direction of the 
nssurcs of Etna, 380 ; on Etna, 383 ; on 
the origin of the Val del Bove. 387 ; dis- 
tribution of mineral substances, 591: 
his views respecting directions or 
mountain chains, 637 ; on correlation 
of directions of mountain chains, 638 *, 
on metalliferous and volcanic emana- 
tions, 672 ; on initial volatilization of 
metallic substances in veins, 674. ^ 
Becquerel, M.. on substances produced 
by slow secondary electrical action, 
674; on partial conversion of steel 
plate into silver at the Mint, Paris. | 
694. , 

Beds, formed around volcanic islands, 
character of, 389 *, formeil by unequal 
drift, .■> 34 . 1 

Beds of rocks, ditforeiit consolidation | 
‘of, in the same group, 602. 

BeeChoy, ("aptain, on coral islands, 17*2. i 
Belcher, Sir E., on the movement of a | 
current at 40 fathoms, .V28. j 

Belemnites, multitudes of, in lias, Golden i 
Cap, near Lyme Kegis, 538. j 

Bending, contortion and fracture of > 
rocks, 620, 

Bending and plication of rocks, artificial 
illustration of, 632. | 

Bermudas, coral reefs at, 199. 

Berthier, on the analysis of calamine, 
693. 

Binney, Mr., on Stigmaria, 501. 

Birds, preservation of their remains, 121 ; 
foot-prints of, on surfaces of rock, Con- 
necticut, 5*24. 

Bischotf, M. Gustav, experiments illus- 
trative of deposit of mineral ri\atter 
in fissures, 669. 

Black Sia, deposits in the, 73. 

^pgs, how formed, 113; extent and 
thickness of, 114. 

Bombs, volcanic, 330. | 

Boracic acid, of Tuscany, 413. 

Boring molluscs, carboniferous limestone f 
pierced by, at time of inferirvy* oolite, 
483 ; lias conglomerate drilled by, 486 ; 
inferior oolite pierced by during accu- 
mulation, ib. 

Boutigny, M., experiments on incandes- 
cent bodies, 340. 

Bourbon, Isle of, coral reefs near, 179. 

Bow Island, account of, 473. 

Breakers, force of, 47, 49 ; action of, on 
volcanic products, St. Paul’s Island, 
Indian Ocean, 397 ; force of, in Scot- 
land, on side of German Oceai/, and of 
Atlantic, 47. 

Breaker action, 48; great denudation 
from, 707 ; on volcanic islands, 390. 
Breccias, calcareous, 14 ; osseous, 309. 
Brewer’s Hill, county Wicklow, compli- 
‘ cation of bedding, cleavage and joint- 
ing near, 631. 

Bridgend, Glamorganshire, quartz rock, 
in trias near, 604. 


Brighton, raised beach n(*ar, 459. 

Bristol Cnannel, deposits in, 84, 88, 129 ; 
beaches of time of new red sandstone 
near, 476, 460; mode ofaeotmuiathn 
of dolomitic limestone near, 497 ; foot- 

g rints of animals on muddy shores of, 
25 ; faults in, 662. 

Bristol, amount of denudation near, 715. 
Britan, climate formerly colder, 282; 

up*per tertiary mammalia hi, 293. 
British Islands, map of the 100 fathqpi 
line round, 91 ; map of, when dewess- 
ed KHK) feet, 261 ; etlects of submer- 
ence on, 260, 26.3 ; older igneous pro- 
ucts of, 5.53 ; effects of s(|ucezing and 
elevation of, into great range of moun- 
tains, 6.39. 

British Seas, distribution of marine life 
in, 152; mammoth remains found in, 
2»4. 

Brongniii’’t M. Alex., on raise I coast of 
Uddevalla, 441. 

Brown, Mr. Kichnrd, on vertical plants 
in coal measures, Cnpe Breton, 50.5. 
Biiekland, Dr., on glaciers in Scotland, 
270; on the fossil elephant, 290; on 
Kirktlalecave, 297 ; on osseous breccia, 
309; on fossil trees and ancient soils 
of Isle of Portland, 518; on mammal 
remains, oolitic series, Stonesfield, .549. 
Buckland, Dr., and Mr. \\\ 1). Cony- 
bearc, on submarine forest, Bridge- 
water levels, 448. 

Buddie, 5lr., on erosion of coal beds, 
Forest of Doan, 512. 

Bunsen, Professor, on the composition of 
palngonite tut! of Iceland, ikJS ; on ac- 
tion of w ater and acids on pulagonite 
tutr, 37(1; on the mode of action of the 
Geysers, Iceland, .372 ; on gyj)sum de- 
posits of Iceland, 375 ; on volcanic 
sublimations of muriate of ammonia, 
376. 

Bunsen Prof., on the volcanic rocks of 
Iceland, 724 ; their chemical composi- 
tion, 72.5. 

Bwlch-hcla, near Penrhyn Quarries, N. 
Wa438, cleavage through contorted 
sandstones at, 619. 

Caiman pf West Indies, 120. 

Calamine, probable origin of, G92; com- 
position of, 69.3. 

Calcareous deposits, 106; from volcanic 
action, 110 ; not always horizontal, 110.' 
Caldera, the, Island of Palma, Canaries, 
.383. 

Cambrian rocks, conglomerates of, Ban- 
gor, North Wales, 475; alterations of, 
by heat, 609. 

Carbonate of lime, deposition of, 12, 13, 
106 ; of copper with vegetable remains, 
69.5. 

Carbonic acid, action of, on certain sili- 
cates, 606. 

Carburetted hydrogen, exhalations of, 
409. 

Cardigan Bay, map of, 82 ; tides in, 83. 
Carglnze Tin Mine, Cornwall, stanni- 
ferous veins amid joints in granite of, 
686 . 
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Came, Mr., on character of rocks in 
Cornwall, aiRscting contents of mineral 
veins, 680; on m^ification of mineral 
veins, 689 : on the different dates of 
mineral veins, 687. 

Camon tin Streamworks, human skulls 
fouml in, 449. 

Caspian Sea, nature of its waters, 73^ 
10.3, 105; deposits in, 102. 

Caves and minor cavities, metalliferous, 

^ of Derbyshire, 682. 

Cavities, circular, produced during earth- 
quakes, 426 ; amid rocks, action and re- 
action of substances in, 674. 

Caw'sand, Plymouth Sound, porphyry 
of, 569. 

Central Asia, volcanos of, 400; waters 
of, 492. 


Central France, 
401. 


extinct 


volcanos 


of, 


Cetaceans, remains of, 130. j 

Chair of Kildare, hills of, range of | 
cleavoge diagonally through beds of, ; 


6 IS. I 

(.’hulk, composition of water of, beneath 1 
London, 603; altered by basalt, Isle i 
of Uaghlin, 608. | 

(Uiannels, eroded in coal measures, Forest | 
of Dean, 312; of erosion in coal mea- 
sure dctritttl deposits, Pembrokeshire, I 


• ' ib. 


( haracter of surfaces of rocks, 367. 
Charlestown and Crinnis Mines, Com* 


wall, range of mineral veins at, 637. i 
Chemical deposits in inland seas, lo2. | 

Chesil Dank, Dorsetshire, 56. •• 

Chiastolitc, formation of, in altered j 

rocks, 611. j 

Chili, elevation of coast of, during earth- | 
quakes, 432; extent of great earth- 
quake at, 417. 

Chloride of sodium in spring water, 14; 

dissemination of, amid rocks, 603. 
Chlorite in granite, 592. 

Clarke, Kev. AV. B., on Lafu island. 


196. 


Cleavage, influence of, on the decompo- 
sition of rocks, 9. ^ 

Cleavage, 614; in mixed beds of sand- 
stone and argillaceous matter, 613; in 
limestone and shale, 616 ; modification * 
of, in passing through tMn beds of 
limestone amid shajc, 617 ; minor in- 
terruption of passing junction i#f beds, 
ib.] on the large scale, 618; through 
contorted beds, 619 ; ranging diagon- 
ally through bedding, ib.] double, 620 ; 
relative dates of, 620; distortion of 
oVganic remains by, 621 ; diiicrciit di- 
rections of, in same or juxtap<tscd 
districts, 623 ; gathering of mineral 
matter in planes of, 624. 

Cleaved and jointed rocks, subsequent 
movement of, 630. 

Cliffs, effects of the sea on, 48. 

Clonea Castle, Waterford, characters o€ 
cleavage at, 616. 

Clyde, newer pliocene deposits of the, 
280. 


Coal beds, extent of, 511; paitial re- 
moval of, during boul measure deposit, 


512 ; effects of sqaeesing upon, Pemo 
brokeshire, 648. 

Coal measures, evidence afforded bn 
500; stlgidiria beds of, 501 ; vertical 
stems 01 plants in, 502 ; mode of IDlliig 
up hollow vertical stems ^ 504; 
^owth of terrestrial plants In sncces* 
sive planes in, .505; thickness of, 507; 
false bedding in sandstones of, 508; 
surfaces of sandstones of, 509 ; drifts 
of matted plants in, 510 ; extent of coal 
beds in, 511 ; partial removal of coal 
beds of, during general deposit, ib . ; 
lapse of time during accumulation of, 
513; pebbles of coal in, 514; marine 
wemains in parts of, 515; mode of 
deposit of, 516 ; flexures and plications 
of, in South Wales, 647. 

Coal, pebbles of, in coal-measure accu- 
mulations, 514. 

Coasts, action of sea on, 46, 49, 51; 
influence on organic life and preserva- 
tion ot remains, 133, 159; distribution 
of animals on, 157, 159; effects of ice 
on, 24.5 

Coasts, rivers and lakes, effects on, 
during continued elevation of land 
above sea. 489. 

Coast sand-hills, formation of, 59., 

Cold, effects of its general increase, 251, 
264. 

Colenso, Mr., on beds composing Pen- 
tuan tin stream works, Cornwall, 450. 
Colours and signs, advantage of mixture 
of, in geological maps, 719. 

Compact felspar, character and com- 
position of, .372. 

Complication of surface, produced by 
smoothing doun single dislocation, 
under certain conditions, 6.55. 
Component parts of rocks, consolidation 
and wljusimcnt of, 594. 

Cojnponent parts of beds, flexures and 
plications of. 6\S. 

Composition of the volcunic tuffs near 
>'aples, 367. 

Conglomerates and volcanic tuffs, miatrd 
beds of, with lava, in Pacifle islands, 
.‘189. 

Conglomerates, joints in. 628. 

Cooling globe, effects of, on rocks on sui- 
fact^ 636. 

Corals, in British seas, 153 ; general dis- 
tribution of, 165; migrations of when 
young, 167 ; chemical composition of, 
168 ; conditions of growth, 192, 

Coral reefs, extent of, 163, 169 ; stratifi- 
cation of, 195 ; formation of, 173, 186 ; 
conditions ^nder which they occur, 
186 f influence of volcanos on, 190, 
204 ; elevation of above the sea, 195. 
Cordiijr, M., on mode of obtaining tem- 
perature of the earth, 464. 

Cornwall, action of the sea on coasts of, 
55; sand-hills on coasts of^ 61 ; joints 
among granite in, 626; Iragmcntary 
lodes 111 , 696. 

Cornwall and Devon, ^anites of, 563 ; 
influence of dissimilar rqcks 8n 
mineral veins in, 679; metalliferous 
districts of, 677. 
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Corroa de. Sorra, Mr., on submarine 
forests, Lincolnshire, 4*18. 

Cotoptvxi. structure of its cone, 3.'il, : 

descent of water from, 35<). 

Couthouy. Mr., on coral reefs, 105 ; i(‘e- 
bergs, 231. 

Covering, slight, above granites, in 
Wicklow, Wexford a ml Cornwall, 580. 
Cracked surfaces of deposits, 522. 

Crag deposits, 314. 

Crantock Church, Cornwall, built of con- 
solidated sliell saml, (>2. 

Crntei-s of eUwation, 318 ; eruption, 310. 
Crater lagtcuis, volcanic islands, 304. 
Cretaceous rocks, overlap of, in Kiiglaml, 
521. 

Crich hill, Oerbyshirc, load ore of, (>82. 
Crust of tlie earth, proportion ('f lOO 
miles ilcop of, to volume of w orld, G34. 
Crystalline modification of rocks, 008. 

Cun cuts in the Meditcrraiican, 71 ; the 
ocean, 03 ; iiiHuence of, in distributing 
sediment, 08. 

Cwm Llech, (llamorganshire, ^ertical 
stems of plants in coal measures of, 

:m. 

Cwm-ddu, Llangammarch, concretionary 
arrangement of be<ls of Silurian series 
near, 500. 

Cwm 'ldwal, Caonarvonshire, distortion 
i»f organic remains, by clca>ageat, G22. 
Cyanite, formation of, in altered rocks, 
Oil. 

Pana. Mr. J., on corals, 16S ; on vol- 
canos of Hawaii, 332, 337 ; on volcanic 
fissures of the Hawaiian Islands, 3vH(); 
on volcanic islands in tlic Pacific, 380. 
Dai-danelles, etfect of closing the Mraits 
of (dliraltar upon, 401. 

Darwin, Mr. C, on coral islands, 100; 
on elevation of coral reefs, 201 ; on 
glaciers in M ales, 270; on eleva|^ion 
of erratic lilocks, 272; on the lamina- 
tion of volcanic rocks, 304 : on vol- 
canic tuff of Chatham Island, 308. 
D^’.d^eny, Dr , on globules and lamina- 
tion of Lipari obsidian, 305 ; on the 
gas evolved from the Solfutara, Puz- 
ziioli, 372 ; on nitrogen of volcanos, 
370; on Santoriii group, 3<n, 3‘J2 ; on 
mild volcanos of Maculaba,* 412 ; 
on horacic acid, 414. 

Dean, Forest of, removal of coal beds at 
tune of coal-measure deposit in, 512. 
Decomposition of rocks, 1 ; importance 
of studying, 11. 

Decomposition of vegetable matter, 113. 
Deer, foot-prints of, arounb trees of sunk 
forests. South W'^ules, 450. , 

Deltas in pools of w at or, 24 ; in lakes, 
42-45; in tjdclefs seas, 04; iij tidal 
seas, 70, 80; preservation of organic 
remains in, 117, 126, 128. 

Delta lands, effects of gradual subsidence 
ot\ on vegetation, 516. 

Denudation, effects of, on surface, after 
dislocation of various rocks and mine- 
*ral veins, 655 ; or partial removal of 
rocks, '705; island masses of rock left 
by, 710; contorted rocks worn down 


by, 711 ; c.\|Hi9uro of old rock-surfaces 
by, 712; amount of matter removed 
by, 713; in South Wales and mtjaceiit 
English counties, amount of, 713. 
Densities^ relative mean, of surface and 
mass of earth, 073. 

Deposits, siliccouH, from the Geysers, 
Iceland, 374. 

DeiHisits in river courses, 31 ; in lakes, 
42 ; * cliemical in seas, 10:i ; in the 
(’aspian, 103 ; cracked surfaces of, 522. 
Derbyshire, igneous nicks associated 
with carboniferous limcslone ot, .)f»8 ; 
mineral veins amid limestones and 
igneous rocks of, 082 ; various modes 
of occurrence of mineral veins in 083 ; 

debris on hill sides of, 215. 

Detritnl deposits, accumulation of, 472 ; 

variable consolidation of, 004. 

Detrital and fossiliferous rocks, mode ot 
accumulation of, 471 ; chiefly old sea- 
bottoms, 472; diagonal arrangement 
of minor paits of, 532 ; consolidation 
of, f)0t. 

Detritus, of the Alps, 20 ; deposition of, 
30, 31 ; transport of, by rivers, 24, 20; 
by tides, 77, 80; by currents, 08; by 
icebergs, 230, 230; by river-ice, 242; 
with remains of molluscs, 270 ; drift ot, 
from shallow' to deep sea-bottoms, 532. 
De Verueuil, M., on mud volcanos o-f 
Taman ainl I'.astcrn I'riinea, 412. 

Devon and ( ornwall, ancient igneous 
products in, 557. 

Devonian locks, contemporaneous ig- 
neous products in, 557. 

Devonshire, action of the sea on its 
coasts, .55. 

Diagonal arrangement of the minor parts 
of beds among detrital rocks, 532. 
Diallage, com])osifion of, .582, .58!); of 
La Spezia, 581) ; of Ilarlzburg, 58!). 
Diallage rock of ('ornwall, 580. 
Diatomacea*, distribution of, 238. 
Different rocks, intlueiice of, op mineral 
veins, 080. 

Dip of beds, fallacious appearances re- 
specting, 035. 

Dismal ^wainp, 115. 

Distributon of animal and vegetable 
' life at different geological times, 53!). 
Distribution of land and sea, 253. 
Diderite, composition of, 352. 

Dolomctic limestone, mode of deposit of, 
near Bristol, 4!)7. 

Dome-shaped igneous matter, raising and 
splitting of, 383. 

D’Orbigny, on distribution of mollusca, 
134. 

Dorsetshire, action of the sea on coasts 
of, .56. 

Dranse, temporary lake and floods of, 41. 
Drawing, military, advantage of, 718. 
Drifted r>rganic remains, 530. 

Drifts of matted plants in coal measures, 
. 510. 

Dry land, in great part bottoms of ancient 
sens and lakes, 472 ; present, variable 
cflects of submergence of, 498. 

Dubois dc Montpereux, M., on mud vol- 
canos of Taman, 411. 
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Dufrciloy, M., on com)K>8ition of volcanic 
aHhes, 'JCC ; on the comiKmition of 
volcanic tuffs, 307 ; on rossiliferouH 
volcanic tuff of Monte Scjmrna, 388 ; 
on structure of volcanic tuff, near 
Naples; /7»; on origin of Monte 
Sonima, 3HS. 

Dukhiin, great area of basalt in, i()4. 

Duncan, Dr., on foot-prints of animals 
on surfaces of rocks, (’orn ^’ocklc 
Muir, Duinfiiessliiro, 5:i3. 

Dunraven C'a.stle, Soutli Wales, mo<lc of 
<lf*currence r>f lias at, 483, 

Dykes of Iii\n, Val del Hove, Etna, 378. 

Dykes amid conglomerates of ancient 
igneous rocks, .'lod. 

Dykc's, igneous, uncertain date of many, 
r)fJ4. 

Earthqi'AKes, dl."); connexion of, with 
volcanos, 416 ; areas disturbed by, 417 ; 
raubinission of vibrations of, 418; 
earth-\\a\ es of, 41 !) ; sea-waves of, 420 ; 
une<iual transmission of, 422 ; local 
interruptions of, <7» ; locally extended 
range of, 423 ; effects of, on lakes and 
rivers, 428 ; sounds accornpanjing, 430 ; 
fissures produced <iuring, 423 ; settl 
ment of uneonsolidated beds during, 
426 ; eireular cavities produced during, 
//j; traversing mountain ranges, 424; 
great sea-wave produced by, 427 ; flame 
and vapours < luring, 420; elevation and 
depres.sion (»f lan<l iluring, 431 ; action 
of. on seji-bott(»nis, 531. 

I'lartli, motion of, as affecting currents, 
03. 

Earth’s surface unstable state of, 443. 

Earth, temj>eraturc of, 463; radius of, 
633 ; mean density of, 673. 

Earth-wave, of earthquakes, 420. 

Ebclmen, M., inethoil of producing arti- 
ficial mincruLs by, 578. 

Ecton Mine, Staffordshire, notice of, 680 

Effects of earthquakes on sea-bottoms, 
531. 

Effects of gradual subsidence of delta 
lands on vegetation, 516. 

sea-bottom being raised* round 

British islands, 520. 

Egerton, Sir P., on the ossiferous caves* 
of tlie Hurt/., 303. • 

Ehrenbcrg, Prof., on coral reefs, 185; on 
infufeorial remains in rocks, 54 a 

Elcpliant, fossil, notice of, 284, 200, 204, 
312. 

Elevation and depression of bottom in 
the ocean, 526. 

of land, present, gradual in Norway 
and Sweden, 440. 

fdevations of mountain chains, 637. 

E Ivans, of Cornwall and Devon, mode 
of decomposition of, 4 ; range of, r>65 ; 
composition of, 566 ; dates of, 569 ; of 
Wicklow and Wexford, 569; character 
of mineral veins traversing, in Coriv 
wall, 678. 

lOlvaii dyke, fallacious appearance of, 
traversing mineral veins, 658. 

Emanations, metalliferous and volcanic. 
672. 


England, former connexion of with the 
( 'ontinent, 294, 297. 

English Channel, tides in the, 80 ; analy- 
sis of water of, 109 ; distribution of 
detritus in, 459. 

Erie, Lake, draining of, 39. f 

Erratic blocks, origin of, 2,56; trans- 
portal of by glaciers, 269 ; of the Alps, 
272; of northern Euroi>e, 275; of 
America, 276, 277. 

formation, d’ Arehiac cited, 27.5, 276. 

Erroob island, coral reefs with lava, 205. 

Eschscholtz Bay, elephant remains at, 
290. » 

Estuary dejiosits, 126, 129; foot -prints of 
birds in, 129, 525 ; cet^cau rcmaii s 
found in, BIO. 

Etna, eruptions from. 34.3, .350 ; direction 
of fissures at, 3S1 ; section of, 385 ; 
form and structure of, 386. 

Europe, form of its coasts, 138 ; effects 
I of submergence on, 264, 267*. changes 

of land and sea in, 287 ; mammoth re- 
mains in, 296. 

Exeter, igneous rocks near, 568. 

Extent of coal beds, 511. 
j Extinct volcanos, 4t>l. 

False bedding in coal -measure ^sand- 
stones, .508. 

Faraday, Dr., on the liquidity of gases 
under pres.«5iire, 381. 

Faults, temperature of waters rising 
through, 465 ; well seen usually in 
mining districts. 649 ; of different dates, 
653 ; of Somersetshire, in coal measures, 
and inferior rocks, smoothed off before 
deposit of new red 8and.sti)ne, 652 ; 
caution respecting the shifting of one 
by another, 653 ; considerable, shifting 
rocks and mineral veins, near Kedruth, 
Cornwall, 654 ; fallacious appearances 
^sing from, 655 ; different traversing, 
^)7 ; range of, in Cornwall and Devon. 
659; inlaying mass of coal measures, 
Nolton and Newgale, Pembrokeshire, 
ilf ; in Somerset and Dorsetshire, ; 
near Swansea, 661 ; inclination of, ^2; 
parts of deposits preservetl by, 663; 
complicated, 663 ; friction surfaces in, 
664. 

Fawn#g, Flintshire, remarkable ‘flat’ 
of lead ore at, 683. 

Felsjmrs, chemical com])ositions of vari- 
ous table of, 355. 

Felspar crystals, amid altered stratified 
rocks, 608. 

— — , decomposition of, 24. 

Fingal’s Cn\ d', basalt of, 407. 

Fish, injected from volcanos, 349 ; fossil, 
occurring as if suddenly destroyeil, 
537, 

Fissures, iu volcanos, filled by molten 
lava, 378 ; earthquake, flame and va- 
pours from, 429 ; through rocks, pro- 
duction and directions of, 650 ; relative 
dates of, 6.53; evidence of succession 
of, 656 ; in rocks, split at their ends, 
657 ; effects, amid mixed rocks, of liif^, 
of least resistance to, 6.58; filing of 
with mineral matter, 665 ; filling of 
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minor, 667 ; deposits from solutions in, 
668 ; opened beneath seas, 67i ; cha- 
racter of substances filling, 673 ; action 
and reaction of substances in, 674 ; 
coating of walls of, by mineral matter, 
696 ; coated by dissimilar substances, 
6i)7 ; several successive movements in 
the same, 698 *, sliding of sides of, on 
mineral matter accumulateil at inter- 
vals, 700; fractures through contents 
of, 702. 

Fitton, Dr., on earthy (ancient soil) bed, 
Vale of Wardour and BouUtnnais, .*>18 ; 
on fossil chells in the position in which 
their animals lived, 

Fitzroy, Capt. H.N., on etfects of earth- 
quake on coasts of Chili. 43.3. 

Flames from volcanos, 323 
Floods, geological etfects of, '2Cu 
Fluviatilc deposits, mammalian remains 
in, 29.0. 

Foot-prints of air-breathing animals on 
mud and sand, 128 ; on the surfaces of 
rocks, .V23. 

Forbes, Prof. E., on the distribution of 
marine animals in the JEgean Sea, 146 ; 
on zones of depth in, ih . ; in British 
seas, l.)2; on the origin of the British 
tlora, 282 ; on Santorin group, 393 ; on 
movements of c<»ast. Bay of .Macri, 
442 ; on shells in raised beaches of the 
Clyde, 4,V.> ; on fossils (»f Longmynd 
district, 47 ) ; on conditions of Portland 
and Purbeck deposits, 518. 

Forbes, Prof. James, on glaciers, 210,213 ; 
measurements of the motion of glaciers, 
218 ; on glaciers in Skye, 270. 
Forchhammer, Prof., on the salts in sea- 
water, 100; on the effects of ire in the 
Baltic, 247; on solubility of part of 
matter of felspars, G70. 

Fon'st marble, diagonal arrangement of 
organic remains of, 5.36. 

Fossil trees and ancient soils. Island of 
Portland, 517. 

Fossils, distortion of by cleavage, 622. 
Fqj'rnet, M., on character of rocks af- 
fecting mineral veins, 680 ; on gneiss 
pebbles in mineral veins, 606 ; on the 
deposit of different mineral substances 
in veins, 608. 

Fox, Mr. llobcrt Were, on elcctrc -mag- 
netic properties of mineral veins, 675 ; 
experiments illustrative of cleavage, 
622. 

Fractures, considerable, of beds, amid 
plicated rocks of mountain chains, 642. 
Fresh-water deposits, evidence of land 
from, 488. • 

Friction marks on rock surfaces, .VJ7. 
Frome, Somersctsliire, mode of occur- 
rence of inferior oolite, near, 486; 
forest-marble of, 536. 

Fundy, Bay of, foot-prints of animals on 
muddy snores of, 129, .525. 

Fusibility of rocks, to be viewed with 
reference to complete mixture of their 
component parts, 589. 

Gale, Dr. L. D., on the solid contents of 
Great Salt Lake, 723. 


Gambior*i» islands, 176. 

Ganges, bore wave In the, 79 ; Delta of 
the, 85 ; body of water discharged by, 
86 ; dotritai matter of, 86. 

Garnets, in alteretl sandstone, 612 ; pro- 
duction of, ill altered rocks, 611; coui- 
posifiojj of, //v. 

Gases, certain, liquid under different 
pressures, .'181. 

Geneva, Luke t>f, soundings in, 42; de- 
posits in, 4^1; temperalnrc of, 96. 

Geological maps and sections, 717. ^ 

— survey of (ireat Britain, maps 4nd 
seotions of, a i hided to, .507, 649, 6.5.3, 
6.58, 661, 662. 

Geysers of Iceland, 15 ; situation of, 372 ; 
mode of action, /7/; mineral contents, 
373; siliceous deposits of, 1.5, *173, .374. 

Giant’s ('ausewtiy, jointed coluinnnr 
structure of basalt at, 407. 

Glaciers, in the Alps, origin of, 209 ; 
structure of^ 210 ; motion of, 213, 2l‘> ; 
transport of boulders by, 21.*; rocks 
grooved by, 220; advance nml retreat 
of, 213, 223; supposed (*xten.sion of, 
265; table of their declivities, 266; 
in llitnalaya, 224; in the Arctic re- 
gions, 225; in the Antarctic regions, 
231; in South Georgia, 2.'19; in the 
British Islands, 270 ; straits of Ma- 
gellan, 210. 

Glamorgan si lire, thickness of coal inea-’ 
sures of, 507 ; lias of, 482 ; carbonate 
lime of, /V>. 

Glydyr \ uwr, false and irregular beds 
in, .5.33. 

Gneiss, production of certain kinds of, 
61.3. 

Godolphin Bridge, Cornwall, lode of, 699. 

Graham Island, formation of, 70. 

(iranite, mode of (lecompt)sition, 2, 6 ; 
relative date of, in Wicklow and Wex- 
ford, anterior to old red sandstone, 
562; in Cornwall and Devon, posterior 
to the coal measures, .563; .mode of 
occurrence of, in south-west England 
and south-east Ireland, 573; veins of, 
57.5; schorlaceous, of Cornwall and 
Devofi, 578; porphyritic, .579; mine- 
rals, additional to those in ordinary, 

• 680 ; general resemblance of, in dif- 

ferent ragions, .586; cliemical differ- 
ence of, from liornblendic rocks, .587 ; 
prevolencc of silica and alumina in, 
.587 ; of comparatively recent date in 
Catalonia, 588 ; columnar appearance 
of, from joints, 626 ; masses of, exposed 
by denudation amid disturbed rock^, 
646. 

Granitic rocks, chemical composition of, 
6, 577 ; alterations of rocks near, 609. 

Graves, Captain, U.N., survey of San- 
torin group, 393. 

Great circles of comparison, for direc- 
tions of mountain chains, 633. 

Great Crinnis Lode, Cornwall, change of 
character of, in range of, 688. 

Great Salt Lake of North America, 723 ; 
extent of, td. ; solid contents of, i5. 

Greenland, glaciers in, 226, 228 ; gradual 
depression of land at, 441. 
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Greenstone, composition and character 

of, 585, 587. 

Grcnclle, near Paris, temperature found 
at Artesian well of, 4()5. 

Ground, gradual submergence of, during 
deposit of coal measures, 5C)6. ! 

Ground-ice, formation of, 242. 

Gulf^ stream, 94, 1.32; saline matter in, 
107. 

(jrypsjim, deposits of, Iceland, .375 ; occur- 

^ rence of, in the trios, tJOl. 

Gw|nnup, Cornwall, range of civans, 
lodes and cross courses in, .568. 

IIaiiits, probable, of animals, regar<le<l 
with reference to distribution of or- 
ganic remains, .546. 

llausman, M., on change of sulphuret 
into carbonate of lead, in mineral veins, 
091. 

Hawaii, volcanos of, 3.32. 

Heat, alteration of rocks on minor scale 
by, 6o7. 

Hecla, eruptions of, .343. 

Henry, Mr., on deposits of silica, from 
silicate of soda, 006. 

Henwood, Mr., on mines of Cornwall 
and D’evon, 087. 

Hermann, M., analysis of black schorl, 

012 . 

Jlillsborougli, Ilfracombe, North Devon, 
cleavage near, 010. * 

Himalaya, snow-Iinc of, 207; glaciers of, 
224. 

Hitchcock, Prof., on foot-prints of birds 
in red sandstone series, Connecticut, 
52.3. 

Holmbamn, Dr., on foot-prints of animals 
on surfaces of rocks, .523. 

Holyhead Mountain, Angicsea, cleavage 
through quart z rock at, 609. 

Homogeneity, cHects of want of, among 
rock accumulations, upon production 
of fissures, 651 . 

Hooker, Dr., on height of snow' line, 
north and south sides of Himalaya, 
207 ; on Diatomacew, 238. 

Hopkins, Mr. William, on producyon and 
direction of fissures, 6.50. 

Horizontaldeposits, upon contorted rocks, ^ 
caution respecting, 6.3.5. ^ 

Hornblende, chemical composition of, 4, 
582. . 

Ilornblendic rocks, chief chemical dif- 
ferences of, from granite, 586 ; slate, 
produced by alteration of homblcndic 
ash beds, 010. 

Hornciy' Air., on submarine forest of | 
ITrid^ewater levels, 448. | 

Horse, in mining, description of the term, 
704. 

Hot springs, 15. 

Humboldt, Alex, von, on the snow line, 
208 ; on mud volcanos, 410 ; on local 
interruptions of earthquakes, 423 ; 
on earthquakes traversing mountaiif 
chains, 424 ; uii sounds accompanying 
earthouakes, 430. 

Hunt, Mr. Robert, experiments illustra- 
tive of cleavage, 622. 

Hyena, bones oi^ in 'caves, 208. 


I Hypenthene rock, Cocks Tor, Dartmoor, 


Icebergs, ran'ii^e towards the equator, 
231, 2.35, 237; formation of, 229; geo- 
logical effects of, 2.30, 236, 247. 

Ice, influence of, in transporting mineral 
matter, 206, 241, 243, 248, 260; efiects 
on sea-coasts, 245 ; of glaciers, struc- 
ture of, 210. 

Iceland, submarine eruptions near, 100 ; 
eruptions of its volcanos, 343; com- 
position of palagonite tuj* of, 368; 
geysers of, 15, 37,3. 

Iceland, volcanic rocks of, 724 ; chemical 
(imposition of the trachytic rocks of, 
725. 

Igneous matter, flow of from submarine 
vents, 381. 

Igneous products, more ancient than 
modern volcanic, 551 ; simple sub- 
stances composing, 552; fossils amid 
older, in British islands, 554. 

Igneous rocks, decomposition of, 4 ; 
ancient range of, in counties Water- 
ford, Wexford, and Wicklow, decom- 
position of, 5.5.3 ; of Derbyshire, mode 
of occurrence of, .558; structure of, 
.560 ; range of, from Scilly Islands 
towards Tiverton and Exeter, .5<>8; 
chemical composition of ancient, .570; 
j general resemblance of, in various 
I parts of the world, .585; altered struc- 
i turc of. 610 ; matter added to, by melt- 
1 ing of parts of other rocks, 591 ; gene- 
f ral remarks respecting, 592; readjust- 
I nient of parts of altered, 610; modifi- 
cations of, from percolations of solu- 
tions, 590. 

Icthyosaurus, preservation of skeletons 
! of, .539. 

j Ilfracombe, North of Devon, cleavage 
I through contorted beds near, 617. 

Imbaburu, fish ejected from, 349. 

I Indian Ocean, currents in, 95 ; coraljpeefs 
I in, 168; form of its coasts, 1.37. 

' Inferior oolite, boring molluscs of fUfle 
! of, 485 ; overlap of, Meiidip hills, ibid. 

'i Infusorial animals, remains of, in rocks, 
,547. 

Insects, recent, drifted from land by 
win3s, 548. 

Insects, remains of in rocks, 122. 

Inversion of coal measures, mountain 
limestone and old red sandstone, 
Laiigum Ferry, Pembrokeshire, 647. 

Ireland, distribution of detritus on south 
of, 460 ; ^rapite of south-eastern, alter- 
ations of rocks near, 609; extent of 
bogf in, 11.5. 

Iron oxides, influence on colour of rocks, 
10 . • 

Iron pyrites in slate. 590 ; crystals of, in 
clays and shales, 600. 

Island masses, left by denudation, 710. 

Island of Cape Breton, successive growrths 
of terrestrial plants at, in coal-measures, 
505. • 

Island of Jura, Hebrides, raised. beached 
of, 462. 

Islands, volcanic, of Pacific, 389. 
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Isle of Wight, present of breaker 
action on coast of, 712; matter re- 
moved by denudation in, 713. 
iMmorphous substances, 

Isthmus of Panama, effects produced by 
depression of, 405, 541. 

Jamaica, great earthquake at, 426. 

James, Capt., ll.K., on mode of occur- 
rence of old red sandstone, lloss, Here- 
fordshire, 533. 

Java, volcanos in, 348, 349. 

Joints, r>24 ; approximation of to cloav- 
a^ro, 625; among granitic rocks, 626 ; 
amid sedimentary rocks. 627 ; among 
coarse conglomerate's, 628 ; in c!t>m- 
pact liinostoiics, 62'J; in lias shales, 
ih, ; metalliferous deposits in. 685. 
Jorullo, sudden production of, 34(i. 

Jukes, Mr. Beetc, on (Ircat Barrier reef, 
181, 185. 

Jupiter Serapis, temple of, Puzzuoli, rise 
ami depression of 436. 

.Tunctioiis of granite and schistose rocks, 
Cornwall, character of mineral veins 
traversing, 677. 

Kaiment, New, Snntorin group, elevation 
off 391. 

Kaup, Prof., on footprints of animals on 
surfaces of rocks, 523. 

Keeling atoll, account of, 168, 

Kent’s Hole, Devon, 302, .307. 

Kettle and Pans, Scilly Island, 6, 

Kilauea, description of its crater, 333, 
.3.38 ; lava flow of, 339 ; analysis of vol- • 
canic glass of, 357. 

Killarney, Lake of, decomposition of 
limestone at margin of, 8. 

Killing^^orth colliery, Newcastle, ver- 
tical steins at, 502. 

Kirkdalc bone cave, 297. 

« 

Lahuadorite, composition of, 359. 
Lacustrine deposits, 42, 43, 44. 

Lafu Island, 196. 

Islands, 177 

Lakes, formation and removal of by 
rivers, 39, ^40 ; deposits in, 42 — 45 ; 
temperature of, 96 ; organic remains 
in, 120; of North America, extent of, * 
140. 

and rivers, effects of earthquakes 

on, 428 ; on the outskirts of mountains, 
493. 

great, of North America, effects of 

submergence of, 499. 

Land, effects of depressjon and rise of, 
254; ancient, of Silurian period, 475; 
effects of rise of, over a wide area, 
492 ; effects of unequal elevation, ib. ; 
elevation and depression of, » during 
earthquakes, 431 ; elevation and de- 
pression of masses of, from variations 
in their heat, 438; quiet rise and sub- 
sidence of, 435; efects produced by 
elevation of, 489—491 ; varied effects 
of submergence of, beneath sea, 495; 
depression of beneath sea, effects on 
distribution of marine life, 543. 

Landes, sand-hills in the, 61. 


Land-slips, onuses of, 21, 82. 
l^apilli, volcanic, among Igneous pro- 
aitcts, amid Silurian rocks, 5,55. 

Lapse of time during dejmsit of coal- 
measures, .513. 

liUteral pressure, evidence of, in chains 
of mountains. 641. 

Lava, molten, action of juxtaposed, on 
subjacent rocks, 607. 

Lava'streams, .326, 339 ; forms of, 328 ; 
effects of on trees, 34t> ; composition qf 
356; lamination of, .‘164 ; currents, slow 
cooling of. 365 ; dyke of, crater of \'c- 
Ruvius. .37!! ; ejected tlirough fissures, 
380. 

Lavas, comparison of those of Monte 
Soiiima and Vesuvius, 388. 

anti tulfs, softening and raising of, 

.‘182. 

Lavornock Point, (Jlamorgnnshire, com- 
plicated fault near, <9)3. 

Lead, Milpl oret of, conxerted into car- 
bonate, ill ininerul \ein8, 692. 

Leaders in mining, description of the 
term, 704. 

Leucite, chemical composition of, 359. 
Lias, beaches at the time of, 180; resting 
on ilisturhed earboniferoiis liinestone, 
481 ; of South Wales, 482 ; varied nuxh* 
of occurrence of, 484 ; land of time 
of, 487 ; laminated nodules of, 597 
I.ife, ‘eOeets on distribution of, from 
elevation and depression of land, 542. 

animal and \egetal)le, eonditions 

for distribution of, at all times, 539 ; 
modifications of, from altered positions 
of larul ami sea, .540. 

Light, intliience of, on marine life, 144, 148. 
Lime, bicarbonate of, in solution, 12; 

in seas, 107 ; how deposited, 109. 
Limestone districts, temperature of 
waters in, 469. 

fossiliferous, fragments of ejected, 

from Vesuvius, 363. 

Limestone and shale, irregular alternat- 
ing deposits of, 595. 

Limestones, how decomposed, 7 ; joints 
in, ^29. 

Lime and magnesia added to lava by 
melting of limestone and dolomite, .363. 
Lipari Islands, eruptions in, 348. 

obsidian, globules in, and lamina- 
tion of, 365. 

Lisbon, great earthquake of, 417.* 

Little Sole Bank, off* southern British 
shores, rugged character of bottom 
near, 460. 

Littoral sea-bottom, raised near New 
Quay, Cornwall, 456 ; at Portli-dinilcyn 
Caernarvonshire, 458. 

J^ogan, Mr., on vertical stems of coal- 
measures, 501. 

Liivcn, Vrof., on the molluscs of Nor- 
way, 149. 

Tiyell, Sir Charles, on glaciers in Forfar- 
' shire, 270 ; on the habits of fossil ele- 
phant, 284; on origin of the Val del 
Bovc, Etna, .387 ;‘on great Lisbon earth- 
quake, 417; on earthquakes of the 
Mississippi valley, 429; on earthquake 
in the Kunn of Clitch, 434 ; on rise and 
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dfipr^ttSon of cooits of Pumoli, 4Sfl . 
on gradual rise of land in Norway and 
SwtMlen, 440 ; on vortical fossil forests 
in coal'measures, Bay of Fundy, 605 ; 
in footprints of birds, shores of Bay 
of Fundy, 625. 

Lyme K<*gis, landslips at, 22 ; fracture in 
rocks near, 021; joints in shales of 
lias at, 6211 ; faults near, 660. 

^Iackknzie, Sir O., on the Geysers of | 
Iceland, 15. 

Mtrculaba, mud volcanos of, 412. 

INlap'llan Straits, glaciers of, 240 ; climate 
ot; 240. 

Maldiva Islands, 1 77, 202. 

Mallet, Mr., on earthquakes, 418, 420. 

MuIvim'ii Hills, 262. 

Mnnnnais, llritish, found in caves, 30; 
eiitonihineiil of, 111); remains of, in 
British sons, 2<J4 ; in Iluviatile deposits, 
20.5 ; e.xtinct, of central France, 306 ; 
in sunk forests, western Kngland, 4t0; 
remains of, in oolitic rocks, 540. 

IHammoth remains, 284, 280, 203, 294. 

Mantell, Dr., on raised beach near 
Brighton, 459; on Wealden dc|iosit8, 
519. • 

Maps and sketches, construction of, 718. 

Marcet, Dr., mi density of sea-water, 98. 

, .Marine life, distrilmtion of, 142. 

Marine remains in ^larts of the coal- 
measures, .515. 

Marmora, M. de la, on elevation of coast 
in Sardinia, 442. 

.Maui, Hawaiian Islands, great volcanic 
tissure at, 380. 

Manna Kea, volcano, 332. 

Manna boa, volcano, 332, 3.35. 

Mauritius, coral reef^ of, 177. 

Mastodon, remains of, 293, 315. 

.Modi terra nean Sea, voleanic accumula- 
tions in, 69; de|Mi.*.its in, 71; currents 
in. 71 ; distrihution of animals in, 146; 
movem.ents of coasts in, 442 ; eflects of 
closing the Straits of Gibraltar on, 
401. 

Mendip hills, benches of time of now’ red 
sandstone at, 476; geological ^ap of, 
478; lias of, 484; inferior oolite of j 
484 ; overlap of inferior oolite at, 48.5 
faults in, 652, 661 ; charactifr of ancient ! 
coasts of, 707 ; deiuidation of rocks in ' 
viciility of, 709 : amount of denailation i 
at, 713. 1 

Merope rocks, Cornwall, 52. ' 

Metals, certain, in mineral veins, occur- . 
ronco* of sulphur nml arsenic with, j 
773; analogous properties of certain I 
ores of, G72. j 

Methone, ancient volcano at, 346. I 

Mexico, (iulf of, deposits in, 75; coast 
of, 132 ; currents in, 94. 

• volcanos of, 400. 

Miallet, ossiferous cave of, 303. 

Mica, introduction of matter of, into 
altered rocks. Cl 3. 

Mica slate, production of certain kinds 
of, 613. 

Millstone grit, granitic character of, if 
metamorphosed, 613. I 


f 

BQne waters, diaraeier ^7$^ 

Mineral matter gathered together In 
planes of cleavage, 624; of 

nsBures amPoth^r cavities of roclm hv, 
665 ; solubility and deposit of, &i 
fissures, 668 ; replacement of one kind 
by another, in veins, 694. 

springs and veins, similar sub- 
stances in, 672. 

- substances certain, more abundant 
at crossing of veins, 704 ; infiltration of, 
into cracks of ironstone nodules, 666. 

veins, or lodes, character of amid 

dissimilar rocks, 676, 68f>; through 
junctions of granite and schistose 
vocks, Cornw’all, 677; character of, 
traversing clvans, Cornwall, 678; of 
Derbyshire, 681 ; directions of, in 
Cornw all, 687 ; ditferent dates of, ifj , ; 
modifications of, in depth and range, 
688 ; character of, on “ backs,’’ or 
upper ])arts of, 6'Jl ; effects of atmo- 
spheric influences on upper parts of, 
691 ; modification of contents of, 692; 
pseudomorphous crystals in, 694 ; 
arrangement of mineral matter in, 695 ; 
fragmentary condition of contents of 
many. 696. 

veins and common faults,^ range 

of, in Cornwall and Devon, 659. 

Minerals, different fusibility of, in vol- 
canic rocks, 360: sinking of unfused, in 
molten rock, according to specific gra- 
vity, 361. 

Mines, temperature of rocks in, 464. 

Mimisan, destroytM by sand-hills, 61. 

Mississippi, floods in, 27, 75; tlelta of, 
76; rafts of wood in, 117; extemMon 
of oartlupiakes np the valley of, 424. 

! McmIc of occurrence of organic remains, 

' .534. 

.Mode of illustrating movements from 
knilts, 656. 

Modifications in the distribution of life 
from changes in tlic relative positions 
of land and sea, 540. 

Molluscs, distribution of, 134; entWMb- 
ment of, in detritus while living, 539; 
siuiden destruction of multitudes of. 
5.'1S ; remains of. range of certain 
genera through different deposits, .548 ; 
marine, littoral species of, covering up 
by depression of coasts, 544. 

Mollusc shells, ill rocks, replacement of, 
by various mineral substances, 666. 

Mont Blanc, view of the glaciers of, 212; 
proportional section from the Jura 
over, 646. 

Monte Nuovcf, sudden formation of. 347. 

Siorama, Vesuvius, origin of, .‘187. 

Moraines, glacier, formation of, 215, 218. 

Morris, Mr. J., on mammalian remains 
at Brcnttbrd, 312. 

Moumain ranges, modification in direc- 
tion of, 6;V9 ; obliteration of, 640. 

Mountains, production of lakes on out- 
skirts of, 493 ; ranges of, relative pro- 
portion of, to volume and radius of 
earth, 6.34; ^irotluction of nt^differSlf^ 
geological times, 63.5; direction of, 
638 ; evidence of lateral pressure in, 642. 
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Movemenii, MTend soooesrive in tlie 
same fissures, 698. 

Mud ▼olcsnos, 408: of Bakuy 410; of 
Taman, 411 ; of Maculalin, 412. 

Muriate of ammonia of volcanos, 376. 
Murchison, Sir K., on the effects of ice in 
northern rivers, 244, 260 ; on the low- 
ering of lakes, 2.'>4 ; on the elevation of 
Britain, 280; on the fossil elephant of 
Sil^ria, 285, 288, 296 ; on mud volcanos 
of Taman and Kcrtch, 413 ; on gradual 
rise of land in Sweden and Is^>rway, 
440 ; on Silurian rocks, 473 ; on (’aspian 
region, 492 ; on vertical stems of plants, 
oolitic scries, Yorkshire, 517 ; on date 
of rocks containing nummiilites, 5lI8 ; 
on great area of undisturbed rooks in 
Russia, 640. 

N APirruA, springs of, 413. 

Naples, effect on the coast near, 436. 
Nelson, Capt., on Bermudas, 199. 
Newfoundland, Bank of, 197; map, 198. 
New red sandstone, beaches of time of, 
in England and SVales, 476 ; distribu- 
tion of land and sea at time of, in 
western Europe, 487 ; of Devon, igne- 
ous rocks amid low’er, 567 ; occurrence 
of gvpsum in, 601. 

Niagara, Falls of, 39. 

Nice, osseous breccia at, 311. 

Nicol, Mr. J., on the composition of fel- 
spars, 359. 

Nile, sediment and delta of the, 64 ; l) 0 (ly 
of water from, ib. ; map of its delta, 65. 
Nilsson Prof, on the coast of Scania, 410. 
Nitrogen, in connexion with volcanic 
products, 376 ; ov(»lved from mud vol- 
canos, Taman, 412. 

Nodules of impure carbonate of iron or 
lime, cracking of centres of, ,597 ; 
filling of cracks with mineral matter, i 
666 ; of phosphate of Ume, 598. 

North America, lakes of, effects of sub- 
mergence of, 498. 

— Great Salt Lake of, 723. 

N«L4h Devon, denudation of contorted 
rocks in, 710. 

North Wales, cleavage of rocks in, 618. i 
Nolton and Newgale, Pembrokeshire, 
inlaying of mass of coal measures by 
faults at, 6.58. • 

Norway, distribution of molluscs on 
coasts of, 150. 

Nullipora, nature of, 170. 

Nunney, Somersetshire, boring molluscs 
in carboniferous limestone, near, at 
time of inferior oolite, 485. 

Obsidian, chemical composition af, 358 ; 
laminae of spherules in, 365; merely 
vitreous state of rock, 365. , 

Ocean, influence of its temperature on 
life, 141 ; influence of depth of, on life, 
142; floor of, effects of elevation and 
depression of, 526. 

Old red sandstone, beaches of time of, in 
Scotland and Ireland, 475 ; mode of 
-- occurrence of, Ross, Herefordshire. 
533 ; cleavage of, 620. 

Olivine, composition of, 358, 584. 


Oolitic rocks, probable formation of, 106. 

series, anelent clifik of, south-west 

England, 707. 

Ordinary springs, temperature of, 468. 
Organic remains, moilo of preservation 
of, 112; on dry land, 118; In the ocean, 
156; on coasts; 1.57, 159; in volcanic 
tuff, Santorin group, 394 ; mixture of 
bods with and without, 47.3; em- 
bedding of in tideless seas, 126 ; in 
marine dejwsits, 131 ; variable mode 
of occurrence of, amid fossiliferouff 
rocks, 474; mixture of, of different 
periods, 496; mode of occurrence of, 
534 ; in the positions where their 
animals lived and died, .5.35 ; drift of, 
by currents, .536 ; diagonal arrangement 
of, ib. ; amcmg ancient volcanic tuHs, 
.5.37 ; viewed with reference to land 
and sea at all times, .5.39 ; effects of 
rise and fall of land, on ilistribution of, 
.541; particular kinds of, reference to 
conditions respecting, .546; forming 
beds of rocks, 547 ; sometimes seen 
only by weatliering of rocks, ib. ; che- 
mical composition of, 548; caution re- 
specting supposed characteristic of 
deposits, 549; «listortion of, by cleav- 
age action, 622 ; alteration of, by 
mineral matter, 697. 

Orinoco, delta of, 1.32. • %, 

Orleigl> Oourt, Bideford, widely sepa- 
rated patch of green sand at, 712. 
Osseous breccias, liow formed, .309 ; in 
fissures, 310 ; at Nice, .311. 

Ossiferous caves, 1 1 9, 297, .309 ; general 
state of, 298, .‘10 1 ; remains found in, 
.3(X) ; human remains in, .‘101, .‘1(K>, .'101 ; 
dens of extinct carnivora, .‘102 ; pebbles 
found in, .‘106. 

Overlap of cretaceous beds in England, 
,521. 

Owen, Professor, on the fossil clei)linnt, 
285, 289 ; on the upper tertiary 
mammals of Great Britain, 29*3. 

Oxen, foOt-prints of, among trees of sunk 
forests, South Wales, 450. 

Oxidation of crust of earth, ellects of, 
636.^ 

^ Pacific Ocean, currents in, 95 ; coast 
I of, 134 ; •coral islands in, 172. , 

Papandayang volcano, falling in of, 348. 
Partial removal of coal-beds dufing the 
deposit of the coal measures, 511. 
Paviland cave, human remains in, .'10.3,314. 
Pebbles of (roal in coal-measure accumii- 
I lations, 514. 

I Palagonite tuff* composition of, .369 j ac- 
1 tion of pure w^ter on, 370; of sul- 
phuretted hydrogen, hydrochloric, and 
sulphuric acid on, 371. 

Peiiblcs, (‘ccurrence of, in mineral veins, 
696. 

Pole’s Hair, 338, 357. 

•Pembre, Carmarthenshire, foot-prints bf 
deer and oxen in sunk forest of, 451. 
Pentuan, character of elvan of, 567. 
Pentuan tin-stream work, Cornwall, beds 
composing, 449. 

Pentland Frith, tides in, 81. 





Pepyf, Mr., on prodoction of iron pyritet 
around bodies of mice, 600. 

Perran Bay, Cornwall, raised sand-dunes 
at, 458. 

Phillips, Professor John, on Malvern 
Hills, 475 ; on igneous rock (toadstone) 
of Derbyshire, 55‘J. 

Phosphate of lime, nodules of, 598. 

Pierre ^ Bot, erratic block, 273. ^ 

Pi 11a, Professor, on flames in volcanos, 

.323. 

Pin^el, Dr., on gradual depression of 
land in Greenland, 441. 

Plants, fossil, distribution of, in beds of 
coal measures, 504 ; drifts of, in coal 
measures, 510. 

Plata, river, estuary of, 132. 

Playfair, Dr. Lyon, on the decomposition 
of sea-« liter, 109, 

Playfair, Professor, on the transporting 
power of glaeiers, 208 ; on the habits 
of extinct elephants, 2H4. 

Plesiosaurus, preservation of skeletons 
of, .W.). 

Plymouth Sound, coast of, cleavage 
tlirough Devonian rocks and porphyry 
veins ijt, 021. 

Polventon Cove, Cornwall, !)2. 

Porphyritic structure in certain altered 
sedimentary deposits, 607. 

Porthdinlleyn, Caernarvonshire, raised 
littoral sea*hottom at, 458. * 

Portishead, near Bristol, re-exposure of 
old rock surfaces by breaker acti<*n at, 
712. 

Portland, Island of, fossil trees and an- 
cient soils of, .517. 

.Port I'ainine. climate of, 240. 

Port Hoyal, .larnaica, sinking of part of, 
during an earthipiako, 420. 

Port Talbot, (ilaniorganshirc, foot-prints 
of deer and oxen in sunk Ibrest of, 451. 

J*o, rise of its bed, 32 ; delta of the, 00. 

Pratt, 51r., on coniparati\ely recent gra- 
nite in (I'utalunia, 5SS. 

Pivs< rva(ioii of entire skeletons of Sau- 
rian >, .5.39. . 

Pre.st\\ich, Mr. ,1 , on fossil sliell^in tlie 
positions in wliioli their nuimals lived, 
:) 30 . 

Products, aiiciont igneous, contempo- 
raneous among Silurian rT)cks, 553; 
among Devonian rocks, 557; in lower 
parf* of new red sandstone, .5(r * 

Proportion of Iteight to distance, import- 
ance of, in geological sections, 72(). 

Pumice, composition of, 357. 

i^i/zuollj Naples, rise and depression of 
coasts of, 430. 

Quartz rock, structure of, 604. 

Quorra, delta of, 80. 

Bafts in the Mississippi, 117. 

Uainc’s Island, 183. 

Bain, marks of, on surfaces of rocks,* 
.524. 

Banges of mountains, obliteration of, 
during lapse of geological time, 639; 
usual marked squeezing and contortion 
of rocks in, 641. * 




Bamiay, ProfeMor, on land Of Silnrlad 

j>eriod, 475 ; on denndatlon, 713. 

Raised beachj^ of Plymou^ 455; of 
Falmouth, oftNew Quay, Cornwall, 
456 ; with reference to heights of tide, 
452 ; concealed by detritus, 454. 

Raised coast-lines^ care required in 
tracing, 461. 

Ravines, how formed, 35, 36 ; difference 
of, i5. 

Rc^fleld, Mr., on drift ice and currents, 
228. 


Red Sea, coral reefs in, 185, ^ 

Remains, marine organic, in parts of coal 
measures, 515. 

Rhfhc, bending and plication of Devonian 
rocks of, 64.5. 

Rhinoceros, extinct, 284, 286, 293, 312, 
316. 


Rhone, debacle in valley of the, 41 ; delta 
of the, 60 ; erratic bWicks of, 206. 
Ripple or friction marks on surfaces of 
rocks, 527. 

Rise and subsidence of land, quiet, 
4,35. 


I Riobamba, great earthquake at, 419. 

River-ice, effects of, 242. 

Rivers, transporting powers of, 27; rise 
! of tlie bed of, 32 ; action of, on»their 
I bed^ 31, .33; deposits in estuaries of, 
84, 120; organic remains in estuaries 
1 of. 120 ; subterranean, deposits in their 
! cbanneLs ;407; efl'ects of continued 

i elevation of land above sea on, 489. 

I Rocks, decomposition of, 1, 2, 5, 9; 
I specific gravity of, 26, 3.53; chemical 
composition of volcanic, 3.54; fusion 
I of portions, broken off’ in volcanic 

I vents, 363; mixed volcanic molten 

I and conglomerates, 38. > ; filters, allow- 
1 ing water to pass through in given 

j quantity and tune. 407 ; modification 

t i#the structure of, after accumulation, 

' consolidation of the component parts 
of, .594 : crystalline modification of, 
Cu8 ; alteration of. near granitic 
ma.s'^es, f)(VJ ; movement of, after jflht- 
iiig, f>3U ; bending, contortion, and 
fracture of, 632 ; flexure of, 64,3. 

1 Rocks, calcareous, sometimes wholly 
forn^nl of organic remaiius >47. 

Rocks, granitic, decomposition of, 1; 
I forms of, w lien decomposed, 3, 6 ; ig- 
neous, decomposition of, 4 ; physical 
structure of, influencing decomposition, 
5; weathering of, 8; containing iron, 
deeoinposition of, 10 ; removal of so- 
luble parts, 42. 

Rogers, the IVofessors, on lamination of 
rook%, 622,; on the bending and plica- 
tion of rocks, 643. 

Rogerf, Prof. 11., on the Devonian rocks 
of the Rhine, 645. 

Rossberg, slide of the, 21. 

Ross, Hereford shire, mode of occurrence 
t>f old rod sandstone at, 533. 

Ross, Sir James, observations on tlie 
temperature of the ocean, 97 ; on tke 
Antarctic seas, 233, 235. . 

Runu of Cutch, effects of earthquake at, 
43.3. 
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Sabkina IstANix forniAtloa of, 

Sahar% Great, ofreoUof lubmerg^ce 
488. 

Solses, or mud TolcaiK.9, 1108. 

8alt in ocean, 107. 

Saltaah, examples of ancient igneous pro- 
ducts at, 557. 

Sandbcrger and Damour, MM., analysis 
of Great Geyser water, 372. 

Sand dunes, rtused. at St. Ives and Perran 
Bay, Cornwall, 458. * 

San Filippo, baths of, 13. 

Sand-hills, formation of, 59; of the 
LandeSjOl ; of Cornwall 62 ; of France, 
63. 

Sandstones, forms of, when decompefted, 

8; coal-measure, false bedding of, ' 
508. ‘ I 

Santorin group, 31)1 ; submarine charac- 
ter of, 31)3 ; view of, 395 j quiet dei>o- 
sits inside of, 304. 

Sardinia, elevation of coast at, 442. 
Saurians, preservation of skeletons of, in 
rocks, 53.). 

Saussure, M. de, on glaciers, 200. 
Scandinavia, erratic blocks from, 275 ; 
upraised marine shells in, 283 ; raised 
coasts of, 410; raised coast-lines of, 461. 
Schmerling, Dr., on the ossiferous eaves 
of Liege, 304. 

Schorl, com]M)sition of, 517; in altered 
rocks, Cornwall, 612 ; rock, composition 
of, 6. 

Sciacca Island, formation of, 70, 101. 

Sea, action of, on coasts, 40. 

Sea-bottom, effect of raising around Bri- 
tish Islands, 520; nigged and moun- 
tainous, off British shores, 460 ; eleva- 
tion of, round British Islands, effects 
of, on littoral marine life, 544. 
Sea-bottoms, ancient, marks of wave and 
current friction upon, 5,‘l0 ; effects of 
earthquakes upon, .531 ; different binds 
of, distribution of organic remains with 
reference to, 546. 

Sea-waves produceil during earthquakes, 
420; breaking of, on coasis, 428. 
Sea-water, analysis of, 73, 108 ; specific 
gravity of, 72, 107 ; temperature of, 
%, 97, 142, 234; amount of air in, 145; J 
pressure of, 143; salts in, 107. * 

Seas, fissures, highly heated in* depth, 
opened beneath, 671. 

Sections, of denuded igneous rocks, 561 ; 
of mountain ranges required to be 
proportional, 641. 

— geological, construction of, 720. 
Sedgwick, Professor, on cleavago of 
rocks, 625, 618 ; on joints, 625. 

Sediment, deposit of, in tideless seas, 64 ; 
in tidal seas, 78 ; distribution of, in the 
ocean, 98., c 

Septaria, characters of, .597. 

Serpentine of Cornwall, 580 ; of Caernar- 
vonshire and Anglcsea, 582 ; chemical 
composition of, 583 ; composition •of, 
and of olivine compared, 584. 
l^erpentines, various dates of, 588. 
''%'^evern, tides in the, 79, 84 : estuary of, 
129, 131. 

Sharpe, Mr. D., on cleavage, 622. 


Shells, speeifie gVBvity of bmd, 122 ; ms* 
rlne, 161 : refOsoing* of by mlnml 
mstt«r;666. 

SbeU*aand, use of, 163; oonsolidated, of 
New Quay, Cornwall, 456. 

Bliepton Mallei. Somersetshire, mode of 
occurrence orlias near, 481. 

Shingle beaches, formation of, 54 ; pro- 
gress of, 57. 

Siau, M., on coral reefb at the Isle of 
Bourbon, 179. ^ 

Siberia, fossil elephant of, 284 ; frozen 
soil of, 291 ; temperature of, atdifieront 
depths, 291, 464. 

Silicate of lime, effect of, in igneous rocks, 

.571. 

Silica, in water, 15; different fusibility 
of, when free or combined, 360 ; rela- 
tive amount of, in crust of earth, 
.552 ; consolidation of rocks by, 605 ; 
differe ‘ proportion of, in volcanic 
rocks, 1 25. 

nml silicates, imi>ortaiice of, in 

consolidation of detrital deposits, 605. 

Silicates of ^wtash and soda, decom- 
position of, 2. 

Sillimnn, Professor B., on composition of 
corals, 168 ; of lava, 357. 

Silurian rocks, contemp<»rnncoiiB igneous 
products amid, 553 ; spheroidal con- 
cretions in, 599 ; modifications of, 60.>, 

Skerribs, county Dublin, good examples of 
joints tlirougli conglomerates near, 628. 

Skulls, human, fouml in tin stream-works, 
Cornwall, 449. 

Slices of land, new, now cutting off ])y 
breaker action, 711. 

Smith, Mr. .lames, of .Ionian Hill, on, 
Arctic shells in British deposits, 281. 

Smyth, Capt., on pressure of the sen, 143. 

Smyth, Mr. "Waringtoii, on ‘‘flat” t.f 
lead ore, Faw iiog, Flintshire, 683; on 
character of Spital vein, Schemiiitz,^ 
689. 

Snow’ line, height of the, 208. • 

Snows, sudden melting of, on volcanos, 
3.50. ^ 

Soapstpne, composition of, 584. 

Soda felspar (albite) in granite, 587. 

Soils, formation of, I, 2 ; ancient, of 
Isle of I*ortlnn<l, 517; conditions for 
production of, 518. 

Solfatara, near Puzzuoli, 372. 

Solutions, deposits from, in fissufeS, 670. 

Sounds accompanying eartliquakcs, 4IJ0. 

South Georgia, glaciers of, 239. 

Southern Ocean, pliysical features of, 139. 

South Pembrokeshire, tdenudaticUi of, 715. 

South Wales, beaches of time of new red 
sandstone, 476 ; contorted coal mea- 
sures of, 647 ; denudation of, 713. 

South-eastern Ireland, relative dates of 
cleavage of rocks in, 620. 

South-western England, faults in, 660. 

South-West England and South-east 

• Ireland, mode of occurrence of granite 
in, 573. 

Species, littoral, of molluscs, destruction 
of, by depression of land, 543. 

Species of fossils, relative ahuiulancc of 
individuals in different localities, 549. 
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SpiUbemii, glaci«n Is, 296, 929* 

%ralt, C»pt., R«K., on moyements of 
ooMt) Bay of Maeri, 442 ; on Santorin 
’ groupi 393. 

Springs, mode of oririn, 5, 16 ; arising 
from faults, 17 ; substances in solution 
. in, 17 ; thermal, 18. 

* Stansbury, Capt, on the Great Salt Lake, 
723. • 

. * Staiirolite, production of, in altered rocks, 
«11. 

Steam and vapours of mineral substances, 
efTects of in fissures, 671. 

Stems of plants, vertical, in coal mea- 
sures, 502 ; filling up of hollow, 504 ; 
in oolitic series, Yorfcshire, 516. 
Stevenson, on force of breakers, Atlantic 
and (ierman Oceans. 47. 

Stigmaria, roots of sigillaria, distribution 
of, in beds beneath coal, 

St. Agnes, ('ornwall, minor contempo- 
raneous cracks at, with fallacious ap- 
iwarancc of two movements, 6.'>4. 

St. Austell, Cornwall, mineral veins of, 

* 657 ; joint veins of, 686. 

iSt. Lawrence river, tides in, 83 ; effects 
of ice in, 242. 

St. Michael’s Mount, Cornwall, granite , 
veins at, 576 ; metalliferous joints amid I 
^anitc of, 684. ! 

ij^.^’aul, Island of, Indian Ocean, ^ruc- | 
ture of, 326. 

Straits of (iibraltar, effects of closing, 421, 
Strickland, Mr., on fresh-water shells 
' with bones of extinct mammals, 22.5. 
Stroniholi, in constant activity, 345. 
^Structure, globular, of basalt, 4(}4 ; co- 1 
•lumnar of basalt, 405. ^ 

*Sitructur^«f rocks, influence of, .5, 
Sublimanons from volcano.s, 324. 
Submarine volcanic deposits, modifica- 
tions of, 389. 

(Submergence of land, effects of, 498. 
Successive disturbances of rocks, 63.5. 
Substances forming solid surface of.earth, 
chiefly oxides, 673 ; character of, filling 
fissures, it>. 0 

Siuhlen destruction of multitudes otoul- 
luscs, 5,3.8. 

Sulphate of lime, mode of occurrence of, 
in trias marls, 601. 

Sulphate of baryta, solubility of, o69. 
Sulphur mixed with metals in veins, 6J3. 
Sulphnrel; of iron, common in many 

• hornblcndic and fclspathic rocks, 590 ; 
in mild deposits, 6(X). 

Sulphiirets of lead, copper, and iron re- 
ilacijig the matter of shells, 666. 
Sulphuretted hydrogen, evolved from 
the Solfataro, Puzzuoli, 372. 

Sulphurous waters of Iceland, 375. 

Suiik, or submarine forests, 445; of 
Western Kurope, 446; beneath sea in 
roadsteads, 447; mode of occurrence 
of, 447 ; localities of, 448; mammal 
remains in, 449. 

Surface of earth, rending and squeezing 
of, forming mountains, 641. 

Surfaces of coal-measure sandstones, .502. 
htrfaccB of rocks, cracked, .522 ; foot- 
prints of air-breathing* animals on, 523 ; 


eharacter off ftMon bimIbi oil 
928; ridging lad fbrtowing of, m\ 
Tarioot miMfLsgjinnm a|^ 530* 

old, oi rockSn^ain exposed by de^ 

nudation, 71 L 
Swain’s reefs, 182, 

Swansea, deposits on tbe coast near, 88 ; 

range of faults near, 661, 

Syenite, composition of, 585. 

Syenitic porphyry, character of, 585. 

Tahiti, volcanic rocks of, 389. 

Taman and Kertch, mud volcanos of, 411. 
Temperature, changes of, effect of, ujion 
th^ structure of rocks, 602. 
Temperature of lakes, 96 ; of the sea, 97, 
98, 142, 207; of space, 206; of the 
atmosphere, ^7 ; constant in the caves, 
Paris Observato^, 465 ; variable from 
unequal percolation of w'ater through 
rocks, 466; rate of increase of, in 
rocks, in depth, 470. 

Tenby, flexures and plications of coal 
measures and mountain limestone near, 
647. 

Tencriffe, Peak of, 390. 

Tessier, M., on tbe ossiferous cave of 
Miallet, 303. 

Thickness of coal-measures. South Wales, 
507. 

Thermal springs. 18. 

Thirria,M., on the Grottede Fouvent,309. 
Thurleston rock. Devon, 52. 

Tides, influence of the, on the distribu- 
^ tion of sediment, 78, 89 ; rise of, in 
different places, 78. 

Tierra del iiiego, glaciers in. 240. 

Tin stream-works, Cornw all, beds com- 
posing. 449 ; sunk forests of, ib. 

Tin pyrites, analysis of, 68.5. 

Toailstone of Derbyshire, 5.59 ; character 
of mineral veins traversing, 681. 
Toml)®ro, volcanic eruption at, 123, 421. 
Tongariro, New Zealand, mud ejected 
from, 323, 408. 

Towey River, deposits from, 88. ^ 

Town Hill, Swansea, coal pebbles in coal- 
measures of, 514. 

Trafalgar-square, London, composition 
0 of waters in x\rtesian well of, 603. 
j Tramore,^AVaterford, sand-hills at, 62, 
Trachyte, nature of, 352; compositic 
356, 571. 

Trappean rocks, taken as a class, 586. 
Travertine, formation of, 13. 

Trees, fossil, of Island of Portland, 51 
conditions of growth of, ib, 

Trias, occurrenceiof gypsum in, 601. 
Trimmer, Mr., on shells on Moel Trefa 
279 ; on the Norfolk crag, 314. 

Tuff, fossiliferous, volcanic, 388 ; modi 
cation 8f, by gases and vapours, 36* 
volcanic, raised, ^of Santorin ^ou 
394. 

*(Jnd^clays, soils in w hich plants gn 
at time of coal-measures, 502 ; quart 
ose, near Mumbles, Swansea, 604. 

Utah, lake of, noticed, 723. 

Val de Bagmes, debacle in, 41. 
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Yal del Bove, Etna, description of, 386 ; 
origin of, 387. 

Valleys in volcanic ^<»ns, drainage of, 
39. 

Vapours and gases in molten lava, 327. 
Variable composition and hardness of 
rocks, to be regarded in their disturb- 
ance, 63i. 

Vegetation, power of, in modifying de- 
composition, 11. • 

Veins, granite, 575. 

mineral effects of crossing of, at 

small angles, 704. 

Vertebrate, preservation of their remains, 

120 . • 

Vesuvius, eruptions from, 142, 341, 350. 

and Etna, sections of, 385. 

Vetch, Captain, R.E., on raised beaches, 
Island of .Tura, Hebrides, 462. 

Victoria land, ice barrier of, 234, 241 ; 

sea-bottom near, 238 ; volcanos in, 351. 
Virtuous Lady Mine, Tavistock, succes- 
sive modifications of contents of vein 
at, 693. 

Volatilization of substances found in 
veins, 673. 

Volcanic eruptions, submarine, 69, 100, 
3^ ; of Tomboro, 123 ; of A'esuvius, 
124, 342; of Skaptar-jokull, 12.5, 344; 
of Etna, 343 ; of Iceland volcanos, ih. 

matter, distribution of, in tidelcss 

seas, 69 ; in tidal seas, 99 ; rocks, na- 
ture of, 351 ; cones, formation of, 331; 
vapours and gases, 323. 

accumulations ben eatk water, .322. „ 

eruptions, entombmenliof animals 

by, 122. 

ashes, effects of showers of, 123; 

composition of, 367. 

glass, production of, 338. 

products amid the older rocks, .5.5.3. 

rocks, structure of, 3:51 ; s|]e('ific 

gravity of, 3.53; chemical composition 
of, 354 ; chief substances of,, 3.59 ; of 
Iceland, chemical composition of, 72.5. 

tiifi' ancient, amid Silurian series | 
of Wales and Ireland, 5.55. j 

ashes and cinders, .320; effects of , 

acid and vapours on, 367 ; products, ; 
fusibility of, 377 ; fissures, direction i 
of, 381 ; gases, effects of sca»ipon, ih, ; i 
action variable, according to jiroximity ' 
of water, 409; tuff’, fossil iferous, of I 
Monte Somma, Vesuvius, 38H. | 

Volcanos and their products, 317, 325; | 
elevation above the sea, 3l7; water ,■ 
ejected from, 3.50; sudden changes of j 
temperature, on surfaces of, 377 ; dis- | 
tribution of, in the ocean,^.398 ; ‘on 
continents and amid inland seas, 399 ; 
proximity of, to water, 400. 

Volterra, boracic lagoons of, 413. 

Von Buch, Leopold, on present gradual 
rise of land in Norway and Sweden, 
439 ; on the Caldera, Island of P^Una, , 
383. 

Vorticose movements of earthquakes, 

- 419. 


Waddon Boston, Devon, quarry at, 313. 

Walferdin, M., on temperatures found 
Artesian well, Grenelle, 465. 

5J4*^*urhausen, M., view of Etna, 386. 

Waft^et, Somerset, faults near, 661; 
occurrence of sulphate of lime, in trios 
near, 601. 

Water, agency of, by percolation, 12; 
sotublc substances in, 14 ; compressi- 
bility of, 156; ejected from volcanos, 
350 ; sea, analysis of, 73, 107 ; specific 
gravity, 99; maximum deiisity| 98; 
action of heated, on palagonite tuff, 
370 ; sulphurous, of Iceland, 375 ; 
variable proximity of, to volcanos, 400 ; 
arrangement of, in rocks, according to 
its densities, 469 ; permeation of, 
through Joints and fissures of rocks, 

{ 469; circulation of, in mines, 464; 

movement of, in chalk beneath London, 
603. 

I Waterford, joints through old red con- 
I glomerate at, 628 ; coast of, fine sections 
! of igneous rocks on, 555. 

Harbour, flexure and plication' 

of component parts of beds at, 648. 

Watt, Mr. Gregory, on fusion of rocks, 
325, 405. 

Waves, effects of, 46, 89; earthquake, 
transmission of, complicated, 421, 

Weaken deposits. South-eastern EnJj- 
land, 519. 

W^eibye, M., on the effects of ice on 
coasts, 245. 

AVenzal vein, Furstenburg, notice of, 
680. 

! Werner, on coating of veins by dissi- 
' milar substances, 697 ; on movcmeiLs 
in mineral veins, 698. 

Western Eluropc, distribution of land 
and sea in, at new red sandstone time, 
487. 

AVexford, carbonate of copper in the oKi , 
red Sandstone, near, 695. 

W'^heal Fortune Mine, Cornwall, range of 
lodes at, 657. 

AVheal Julia, (’ornwall, sIDcccssivc move- 
raif^its of lode of, 698. 

AVicca Pool, Corn \^ all, granite veins at, 
575. 

AVicklo\v' granite, outline of range of, 574. 

W'icklow and A\' ex ford, granites of, .574. 

AVick Rocks, near Rath, notice jof faults 
at, 653. 

AVilkes, Capt., on ice harriers, 234. 

W'ivelisconibe, Somersetshire, denuda- 
tion near, 710; rlcavagd)>lanc8at, 617. 

Woolhope, denudation of rocks near, 713. 

Yellow sandstone, of Clonea, county 
of Waterford, false bedding of, .532. 

Zermatt, glacier of, 217. 

Zinc, Bulphiiret of, converted into car^ 
bonatc, in mineral veins, 692. 

Zones, in depth, of marine life, in 
iEgean Sea, 146 ; on coast of Nonvay, 
151 ; in British Seas, 152. 






